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ORE-SAMPLING CONDITIONS IN THE WEST. 


By T. R. Woopsrince. 


INTRODUCTION. 


The success of every mining enterprise depends on accurate knowl- 
edge of the constituents of the ore taken from the mine. This knowl- 
edge may be least necessary for a placer mine or for a company pro- 
ducing bullion from its own ores, but it is absolutely necessary to an 
individual or a company selling its ore, or to a smelter, custom mill, 
or sampling plant buying the ore. 

In spite of the importance of sampling, a large part of the ore sam- 
pling of to-day is not done on a scientific basis. There are many 
operators secking thoroughly satisfactory methods of sampling who, 
nevertheless, are not doing as accurate work as the present state of 
the industry permits. On the other hand, investigation shows that 
in the majority of sampling plants there is a great lack of uniformity, 
and that even in individual plants several methods or combinations 
of methods may be found. 

Discussions concerning the theory and practice of ore sampling 
have appeared at various times in the publications of the engineering 
societies and the technical press, but have not resulted in any general 
uniformity of practice. Especially is this true in regard to discard- 
ing methods known to be unreliable. Doubtless some operators are 
satisfied with this state of affairs and are not concerned with the accu- 
racy of the sampling of individual lots of ore, provided the total pur- 
chase price of all lots equals the total value recovered during a cer- 
tain period of time. Also, a few operators have worked out the 
problem of sampling for their local conditions to their own satisfac- 
tion and profit, and therefore do not welcome any criticism that may 
result in a change of methods. Most sellers and buyers of ore, how- 
ever, are frankly disgusted with the persistent use of incorrect meth- 
ods and would welcome a thorough investigation and discussion of 
the subject. 

In connection with its efforts to increase efficiency in the mineral 
industries, the Bureau of Mines has undertaken to investigate pres- 
ent methods of sampling and analyzing ores in, this country and to 
present the facts to all who may be interested in their study and 
discussion. 
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6 ORE-SAMPLING CONDITIONS IN THE WEST. 


The object of this report is to give the facts regarding the present 
methods of ore sampling in the hope that there may be discussion that 
will ultimately result in the standardization of sampling methods. 
Sampling would thus be raised from the position of an art to that of 
an exact science, where it properly belongs. 

The first step forward would be the discarding of methods known 
to be inaccurate and of methods that, under certain conditions, may 
be manipulated to give inaccurate results to the advantage of either 
the seller or the buyer. This would eliminate one of the chief causes 
of the friction that often develops between the seller and the buyer. 
At any rate, each party to the transaction should be familiar with the 
limitations of any method that has been employed by mutual consent, 
so that neither party will feel that the other is obtaining an unfair 
advantage. 
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SCOPE OF THE INVESTIGATION. 


In this report the subject of ore sampling is considered under five 
divisions, as follows: A definition of ore sampling; the condition of 
the ore as affecting sampling; description of the various methods of 
of sampling used in the West, with flow sheets showing their appli- 
cation, and a criticism of certain details of practice; discussion of the 
methods investigated; and recommendations. The report deals 
principally with the first three of these divisions, although it may 
occasionally encroach upon the other two. Under various headings 
it has seemed necessary to repeat or discuss more fully some of the 
conditions of ore sampling in order to emphasize their effects on cer- 
tain sampling processes. 

An exhaustive review or criticism is not attempted, and such 
deductions and suggestions as are made are offered with the knowledge 
that there must necessarily be some difference of opinion among well- 
informed and honest operators. It is therefore hoped that this paper 
will be freely discussed by those who can offer constructive criticism. 


Google see ares 


CONDITIONS AFFECTING ORE SAMPLING. 7 


CORRECT ORE SAMPLING DEFINED. 


The correct sampling of a lot of ore is the process of obtaining from 
it a smaller quantity that contains, in unchanged percentages, all the 
constituents of the original lot. 

The commercial object of sampling is accomplished when the ulti- 
mate sample obtained meets the above conditions within an allowable 
limit of error, and has been obtained with reasonable speed and at a 
moderate cost. The final sample should be dry and of such bulk and 
degree of fineness as to be immediately available for the determination 
by the assayer or chemist of one or more of its constituents. 

The commercial sample of an ore need not be more exact than the 
limits of error in the methods of determination employed by the 
assayer or chemist. 


CONDITIONS AFFECTING ORE SAMPLING. 
SEGREGATION IN SAMPLES. 


The obtaining of a satisfactory sample of an ore would be a com- 
paratively simple undertaking if the constituents to be determined 
were uniformly distributed throughout the whole mass. In most 
ores, however, the constituents, particularly the gold and silver, 
are more or less segregated. Ore in place in the mine is rarely of 
uniform metal content. The process of mining generally aggravates 
this condition, as the more heavily mineralized parts usually break 
up more readily, so that the finer particles frequently contain a 
higher percentage of the valuable constituents than the coarser 
particles. 

Should the ore be screened before being sampled, the difference 
may be lessened but never entirely eliminated. With every crush- 
ing during the sampling process this difference will persist to a 
varying degree, even after the final pulp has passed through a 120- 
mesh screen. Occasionally the condition is reversed—that is, 
the gangue breaks up more readily than the more heavily mineralized 
ore—but this does not alter the problem that arises through the 
segregation of certain constituents of the ore during mining and 
sampling. 

In either event, even after repeated crushing and rolling (crush- 
ing with rolls), there still exists an imperfect mixture of fine and 
coarse particles, ranging from impalpable dust to pieces several 
inches in diameter. Unfortunately no method for making an inti- 
mate and uniform mixture of ore particles of various sizes has ever 
been discovered. No amount of shoveling or coning and no form 
of revolving receptacle will accomplish more than to make the 
segregation somewhat less apparent to the eye. When such a 
mixture is taken up with a shovel, the coarser particles tend to roll 
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off or to collect at the edges of the shovel; if thrown upon a cone, 
the coarser particles tend to roll outward to the edge of the cone; 
if allowed to slide to the floor from an inclined chute, the coarser 
particles will run ahead and will accumulate farther from the edge 
of the chute than the finer, slower moving particles; if the ore falls 
through a long spout, the larger particles will bound from side to 
side, while the smaller particles will proceed in a more direct course; 
if fed into a revolving barrel, the finer particles will be carried higher 
on the side of the barrel and will be discharged from a different point 
than the coarser particles; when the mixture is screened, the softer 
and finer particles pass through first. 

In fact every time that the ore is handled the particles tend to 
segregate according to size. This tendency to segregate is frequently 
mentioned in this paper, as it forms the basis for most of the schemes 
for favoring either the buyer or seller of ore. 

In considering the reliability of any sampling method this tendency 
to segregation should be constantly borne in mind. Any system 
or any detail of a system that may tend to make possible the selec- 
tion or rejection of the finer or coarser particles should be considered 
inaccurate. So absolutely does the accuracy of a sampling method 
depend on freedom from selection that one may forget that gold, 
silver, and other metals are to be determined by the process and 
examine the method solely as to its ability to take from a lot of ore 
the same proportion of all the various sizes of particles. 


LACK OF UNIFORMITY IN SAMPLING METHODS. 


The success of the older systems of ore sampling is considered by 
many to depend on the possibility of mixing particles of ore varying 
widely in size and in the percentage of their various constituents, 
whereas in reality it depends on the uniformity with which these 
particles are finally distributed around the axis of a truncated cone. 

With the further study of the subject and through the compari- 
sons resulting from repeated sampling of the same product by the 
use of different methods, there have been developed the so-called 
“automatic” or ‘mechanical’ systems of sampling, which are 
founded on the principle of taking small portions from the stream of 
ore at frequent intervals rather than large quantities at infrequent 
intervals. These systems may be said to be forms of fractional 
mixing of the particles of an ore, in that they aim to send to the 
final sample many thousands of easily mixed small portions, any 
one of which may not seriously affect the sample but which in the 
agerogate will approach the average value well within the limits of 
accuracy required, 
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A study or an examination of the sampling methods used in the 
Western States shows that, in a large proportion of the plants, the 
theory of sampling has been given proper consideration, and many 
sampling plants have been built and are being operated on correct 
principles. It also shows that there is great variation in the applica- 
tion of many methods and a general lack of uniformity in carrying out 
certain details, which often results in a ridiculous waste of time and 
money and causes ore sampling to drift far from its true scientific and 
technical position to one of either guesswork, a too great dependence 
on the law of long period averages, or, in certain instances, to a plain 
case of matching wits. 

These conditions are indicated by the fact that a method considered 
reliable in one plant may be considered unreliable in another, although 
the two plants may belong to one company; that much resampling 
and reassaying is considered necessary before an agreement is reached 
between the buyer and the seller; and that sampling often provides 
merely a means of settlement rather than a correct estimate of the 
contents of the ore. Therefore to-day, as in many years past, there 
are the buyer who by accident or intent impoverishes the sample with 
too large a proportion of the lower grade, coarser particles, and the 
seller who screens and remixes his ores in order that the buyer may 
cheat himself. 


MULTISAMPLING. 


In many of the sampling plants that handle the more valuable ores 
are men who, although they refer with satisfaction to certain mar- 
velously close checks in some resamplings, nevertheless take for 
granted that a large proportion of the lots received will necessarily 
and unavoidably show differences that will necessitate a second or 
third resampling. It is the custom in many plants to divide the 
sample at certain points in the process, and thus make what are 
known as duplicate, triplicate, and even quadruplicate samples, each 
of which receives an entirely independent but similar treatment dur- 
ing the later processes and is assayed separately. This is done for 
several reasons, one being that it furnishes a means for checking any 
gross error in the succeeding operations, and another being the pos- 
sibility of using an average of the results in making a scttlement. 
In some agreements between buyer and seller it is provided that the 
difference between these multisamples be used as a guide in deter- 
mining whether resampling of the ore is necessary. The necessity 
for resampling is sometimes decided on the merits of each particular 
case, or, in some localities, a certain agreed percentage difference 
or tolerance between an original and a duplicate is allowed before a 
resample may be demanded. In one instance a 20 per cent difference 
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is considered a satisfactory check, but in the majority of such agree- 
ments a 10 per cent difference automatically calls for a resample, 
whereas any difference less than 10 per cent precludes resampling and 
forces a settlement on the basis of the original or an umpire assay. 
For example, a buyer working under a 10 per cent agreement is 
satisfied as to the correctness of the sampling of an ore containing 5 
ounces of gold per ton if one sample, the original, assays 5 ounces and 
the other, the duplicate, assays either 4.54 or 5.50 ounces of gold per 
ton. In such a case the settlement would be based on the average of 
4.77 ounces per ton in the first instance and 5.25 ounces per ton in 
the second instance. With gold at $20 per ounce, there would be a 
difference of $9.50 per ton. Such differences are neither necessary 
nor desirable. 

To appreciate these conditions more fully it must be realized that 
even with a lot of ore amounting to several carloads the division into 
these multisamples is usually made after the quantity retained for this 
division has been reduced to 500 pounds or less. It seems proper, 
therefore, to criticize severely a sampling method that will not check 
the multisampling of 200 to 500 pounds of ore closer than 10 per 
cent. It is also proper to speculate on how much greater a differ- 
ence might have developed had there been used for the check sample 
the entire lot of ore instead of the few hundred pounds. Further- 
more, it should be borne in mind that even if these original and du- 
plicate samples check absolutely, such checking does not prove the 
correctness of any previous part of the sampling process. 


PROPORTION OF ORE RETAINED FOR SAMPLE. 


It is unfortunate that, owing to limited storage room and to the 
length of time involved, it is not feasible for other than custom sam- 
pling plants to retain intact the whole tonnage of every lot of ore until 
final settlement. With smelting and milling plants, therefore, it is 
frequently the rule that, during the sampling, the bulk of the ore, 
the portion rejected, is taken directly to storage bins or beds where 
it immediately loses its identity through being mixed with other lots 
of ore, only a small part of the whole being retained for resampling 
and the settlement of possible disputes. In the case of high-grade 
ores, or of special contracts, some plants retain the whole lot. How- 
ever, the prevailing custom is to retain a few hundred pounds in the 
ease of ordinary lots and one-fifth of the lot in special cases. The 
State of Montana has tried to protect both parties to the sale of ore 
by enacting a law compelling every sampling plant to retain intace 
24 per cent of every lot of ore until final settlement has been made. 

The existence of a considerable difference between multisamples 
is not everywhere considered a disadvantage. It makes the matter 
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of final settlement susceptible to delicate manipulation by both par- 
ties; at times it enables the seller to raise the price somewhat and at 
other times enables the buyer to pay a few cents less than he other- 
wise would. As the manager of one of the larger plants has aptly 
said, “Do not interfere much with these original and duplicate or 
resampling rules, as that is where we make our money.” 

The records of some sampling mills show that a system is possible 
whereby the ordinary difference between two samples will be well 
within the limits of the accuracy of the assay, say approximately 1 
per cent, and that a greater difference than this will be shown in less 
than 2 per cent of the cases. To mako such results general would 
mean the scrapping and rebuilding of many plants, but the annoy- 
ance and cost of such a change would be returned in many ways. 
Among the advantages would be that the doubt of the mine super- 
intendent regarding the correctness of his returns would be elimi- 
nated, as would the difficulty of the smelter or mill supermtendent 
in deciding whether his losses or gains in recovery were due to his 
metallurgical practice or to a careless or overzealous sampling fore- 
man. There are few sampling-mill foremen who have not worked 
overtime trying to develop some system that would enable them to 
avoid during the current month the blame attached to the sampling 
department for the loss of metals in the metallurgical operations 
during the previous month, and frequently such foremen have been 
unable to locate the cause of discrepancy and have merely passed 
along the reprimand of the superintendent to the shovelers or other 
workmen with the remark: “Be careful not to get too much of the 
‘fines’ in the sample; the superintendent says that we ran short last 
month.” 

Generally a foreman docs not enjoy this state of affairs, and no one 
who has had experience with this hard-working and loyal class of 
workmen can seriously doubt that the adoption of more nearly uni- 
form and more accurate methods of sampling will be enthusiastically 
welcomed by them. 


MINE SAMPLING. 


Although a discussion of mine-sampling methods is not within the 
scope of this paper, it is necessary to refer to mine sampling on account 
of the friction that such sampling may cause at times between 

buyer and seller. Every buyer of ore knows the difficulty experienced 
by some mines in obtaining even a fairly accurate sample of the ore 
before it leaves the mine. There have been many unnecessary 
resamples, and many uncalled-for diversions of shipments through 
the failure of the large mill sample to check the small and crude grab 
sample taken at the mine. 
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DISCUSSION OF METHODS EMPLOYED. 
SAMPLING. 


The investigation reported here has been limited to the sampling 
of the ores of gold, silver, lead, copper, and zinc. The sampling 
plants visited were in the States of Colorado, Utah, Montana, Wash- 
ington, Nevada, and California. In all 48 mills, belonging to 23 
companies, were examined. At each plant a study of the equip- 
ment and practice was made and a flow sheet was prepared. In 
every instance the heartiest cooperation was shown and every 
assistance rendered for a thorough understanding of the plant and 
practice. A lively and most gratifying interest in the purpose of the 
investigation was shown and a large proportion of the men inte1 viewed 
expressed a desire that some way might be found of eliminating 
inaccuracies and uncertainties. In almost every plant some idea 
that was the result of local experience, or experiment, had been 
applied that would be of value to ore-sampling practice as a whole, 
should the information be generally disseminated. On the other 
hand, in many of the mills were found one or more practices that 
elsewhere had been laboriously proven to be incorrect. Such infor- 
mation should also become a matter of general knowledge. 

The very nature of the business of ore sampling is such that it can 
have no trade secrets. Costs can be and are guarded as a matter 
of business policy, but no concern can long exist in the ore-sampling 
business if the methods it employs are at all mysterious. Therefore 
much is to be gained by a full comparison of methods and the results 
of experimental work; it is a matter for each individual in the busi- 
ness to decide to what extent he wishes to cooperate. In accordance 
with the bureau’s policy, it was agreed not to publish names or 
information that would serve to identify plants visited dwing the 
investigation, and in the discussion that follows the intent is to 
keep within the spirit of this understanding. 

The flow sheets which are printed on pages 68 to 92 are intended 
to show the path of the ore from the car or receiving bin to the final 
sample sent to the assayer. Each flow sheet does not necessarily 
represent a separate sampling concern. One plant, for instance, has 
three distinct methods of obtainmg what may be termed the first 
sample, but adopts a single method, that of coning and quartering, . 
for the final reduction; hence the work of this plant is represented 
by four separate flow sheets. The method employed seemed to be 
the only feasible one for properly classifying the various systems. 

In the practice of ore sampling there are many variations in the 
application of general theories, and in the construction and manipula- 
tion of the machines. In most of the plants visited these variations 
are clearly in the line of progress and tend to produce better and more 
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dependable results, but in some plants these variations are distinctly 
retrograde and lead to inaccuracies. A disinterested observer is 
more or less in doubt as to whether the plant he visits is attempting, 
if the plant treats its own ores, to show an apparently better extrac- 
tion of metals, or, if it buys ores, to assure a safer margin for the ore- 
purchasing department. 

In a number of plants the laws controlling the separation of the 
finer from the coarser particles seem to be well understood and their 
application well worked out, but in other plants these vital points 
are apparently not clearly understood. Long-used methods are 
continued, because it seems wise not to disturb conditions heretofore 
satisfactory from the operator’s point of view; because of an unwilling- 
ness to acknowledge that a new method can be as good or as reliable 
as an older one, or because of the lack of dependable information on 
the general principles of sampling. In confirmation of the reasons 
given for the existence of these variations, it was noted that, although 
a number of them worked to the buyer’s advantage, there were several 
instances where they were decidedly to his disadvantage. 

In presenting the flow sheets and in describing methods the author 
has attempted to show some of the good points as well as some of 
the inherent or special weaknesses. Some deductions as to the 
effects of certain practices on the accuracy of the various sampling 
methods employed are made and ways of obviating or mitigating 
these effects are suggested. 

Even after an approved sampling system using accurately built 
machines has been installed and proper rules and regulations have 
been established, there still remains one disturbing factor—the per- 
sonal equation of the workmen. Advantage is taken of certain 
conditions of sampling that may result in hardship to one or the 
other of the interested parties, whether through the instinct of the 
workman to protect the interest of the buyer, his employer; or through 
the ore watcher, who represents the seller, not being inclined to call 
attention to any operation which would cause an excessive valuation; 
or through enjoyment of a shrewd bargain causing either party to 
take undue advantage where possible. 

To impress the workman with the fact that perfect fairness to 
both buyer and seller is the important feature of the work is one of 
the most difficult problems. It does not belong to mechanics, nor is 
it entirely moral, but possibly would come under the heading of 
‘‘Psychology of ore sampling.”’ 

It is not the intention or desire of the author to place blame for 
this condition on any particular buyer or seller of ore, company, 
superintendent, or group of workmen; neither does he claim that such 
practices are confined to any particular locality or that erroneous 
results are intentionally obtained eat any particular plant. Decision 
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regarding these matters must necessarily be left to the judgment of 
the individual in his relation with the plant. However, it is thought 
proper to discuss the effects of certain practices, whether intentional 
or accidental, on the accuracy of sampling, in the hope that a 
clearer understanding of them may work to the mutual advantage of 
both the buyer and the seller of ores. 


THE WEIGHING OF LOADED ORE. 


Ore is generally weighed on railway platform scales, which vary in 
capacity from 60 to 100 tons. The scales are either placed under 
cover or in the open, and may be near the unloading plant or as much 
as one-half mile from it. In the past 10 years the practice of weighing 
has improved greatly. In many districts the scales are tested at 
frequent though irregular intervals by the Western Weighing Asso- 
ciation. These tests are made by the use of cars built especially for 
this service, and have resulted in general satisfaction. Where these 
cars are not available, it is necessary to use the 50-pound test weights, 
of which every plant has 20 to 40. This system is far from satisfac- 
tory, for an undetected difference of 20 pounds in a 2,000-pound 
weight would result in a 2,000-pound error in weighing 200,000 
pounds. 

It is the general practice to cover the space between the coping 
and the scale platform with a piece of old belting to prevent acci- 
dental jamming of the platform with pieces of rock. However, this 
practice is by no means universal, for some operators assert that the 
belting does not exclude the rock and does prevent the constant 
inspection necessary to insure the free movement of the platform. 

In most of the plants visited the weighing is carefully done, but a 
very bad practice noted in some instances is undue haste. Hasty 
weighing means that the weights and the rider must be rapidly 
shifted. In weighing the loaded car, the rider may be thrown far to 
the overweight position and then rapidly shifted back to a position of 
balance, the reading being taken as the indicator passes the center on 
the way up. This will cause the scales, especially if they are sluggish, 
to register too low a weight. If the tare weight be taken by first 
throwing the rider to an underweight position, the total difference 
may be seriously below the correct weight. If the practice is re- 
versed, the net weight will be correspondingly too great. 

A practice that has been ordered discontinued by the Western 
Weighing Association is that of weighing a slowly moving train of 
cars while coupled together. As the scales must be balanced and 
read quickly, frequently with the scale beam oscillating rapidly, the 
possibilities of error due to this practice are apparent. With scales 
that are too short for some of the longer cars it is customary to 
weigh separately the load on each set of trucks. 


Google 


DISCUSSION OF METHODS EMPLOYED. 15 


Everything connected with the scales should be kept as free from 
dust as possible. At many plants the scale beam is situated in a 
closed room, far from the disturbing effects of the mill vibration, but 
unfortunately this practice is not universal. An old plan, which 
possibly is not now in use, was to keep on the rider several ounces of 
fine ore that was added to or taken from in balancing the scales. An 
error of several thousand pounds can be caused in the indicated 
weight of a carload of ore by this system. The weight of the rider 
is absolutely fixed at the factory and usually a seal is placed where 
the adjusting material is added or removed. This rider should be 
kept free from dust or dirt. 

When ore is delivered to the plant by wagon, the roadway for a 
short distance at each end of the scale platform should be level. When 
the loaded or unloaded wagon is weighed the wagon brakes should be 
loose and the harness tugs slack. Several hundred pounds may be 
added to the net weighing by the horses straining in their collars 
when the loaded wagon is being weighed, or backing into the breech- 
ing when the empty wagon is being weighed. The driver and his 
assistant should occupy the same position during the weighing of the 
empty wagon as in the weighing of the loaded wagon. 


METHODS OF SAMPLING. 


Theoretically, the sampling of a lot of ore is a continuous process 
from beginning to end. In this paper it seems advisable to discuss 
sampling under two headings, the ‘‘outside work,” or all the opera- 
tions up to the point where the sample is to be dried, and the ‘‘final 
work,” which includes the drying, grinding, and all bucking-room 
operations. 

OUTSIDE WORK. 


The sample resulting from the outside work usually weighs from 
25 to 250 pounds and may be obtained by any one of a number of 
methods. These methods may be divided into so-called hand meth- 
ods, involving the use of nothing more elaborate than a shovel and 
wheelbarrow, and mechanical, sometimes called automatic, methods, 
involving the use of more or less complicated machinery. 


HAND METHODS OF SAMPLING. 


GRAB SAMPLING. 


ing 


The simplest form of hand sampling is ‘‘grab sampling,” used for 
the most part for sampling large tonnages of low-grade and uniform 
ores that will not stand the cost of a more exact method. From the 
pile or carload of ore to be sampled small quantities are taken by 
hand, or with a small scoop or a shovel, and are thrown into a con- 
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tainer or into a pile and held for further treatment. The grabs are 
taken at random from the pile, or the surface of the pile is laid off in 
squares by more or less accurately measured lines, and a grab taken 
at each intersection; or holes are dug at regular intervals in the pile 
and all or part of the ore so removed is used for the sample; or a 
grab sample may be taken from the face of a pile of ore as it is being 
moved from one position to another. ; 

This is the most rapid method of sampling a Tot of ore, and, with 
ore of uniform grade, careful workmen obtain fairly accurate results. 
It is most valuable when a quick but rough check is desired on the 
regular sample, as, for instance, to check a possible gross error or 
to detect quickly whether the regular sample has been salted. The 
difficulty in getting the proper proportion from a small pocket of 
fine ore, and the equal difficulty of knowing how much to take 
from the large lumps, places the whole process at the mercy of the 
operator’s judgment, and his knowledge of the distribution of the 
values may unduly influence him in selecting the material for the 
sample. 


PIPE SAMPLING, 


Pipe sampling can be used for fine material only, and is therefore 
usually confined to mill products. The simplest form of pipe sam- 
pler is a section of 1-inch pipe which is driven or pushed into the 
material to be sampled, then withdrawn and the contents removed 
by pounding the pipe. This operation is repeated a number of 
times until a sample of the desired size results. Another more 
elaborate form consists of two pipes, one fitting within the other 
and both having a longitudinal slot and being so arranged that after 
the pipes have been driven into the ore one can be turned to close 
the slots before being removed from the ore. 

The grab and pipe methods of sampling were not found to be in 
gencral use and are so rarely suitable for ores that a more extended 
discussion of them seems unnecessary. 


CONING AND QUARTERING, 


Coning and quartering is the oldest and best known method of 
sampling, and its introduction probably marks the beginning of 
scientific sampling. An account of its history and development 
would make an interesting chapter. Its simplest application con- 
sists of shoveling the ore into a conical pile, flattening the cone 
thus formed into a circular cake of larger diameter than the base 
of the cone by dragging the ore radially or spirally with a shovel, 
and dividing the cake into four equal sections, called ‘‘ quarters,” 
by two lines at right angles to each other and passing through the 
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center of the cake. Either two of the opposite quarters, called the 
reject, are removed by shoveling and taken to the bedding floor or 
to storage bins. The two remaining quarters are sheveled into a 
cone, which is flattened and subdivided as before. This process is 
repeated until a sample of approximately the desired weight remains. 
The portion retained throughout the operation at the various stages 
is called the ‘‘sample.” 

Coning and quartering is in use exclusively in 2 of the plants 
and in combination with other sampling methods in 26 of the plants 
visited, the general practice being shown in flow sheets Nos. 1 to 7, 
inclusive. 

The advantages claimed for the coning and quartering method are 
as follows: An expensive plant or complicated machinery is not 
required; the method can be used where mechanical apparatus is 
not procurable; it is applicable to all kinds and conditions of ore; 
it may be used for a small lot of high-grade ore without the loss 
that might result from putting the ore through a large mechanical 
‘sampler; and it often pleases the seller because his ore is in plain 
sight during the whole operation. 

The disadvantages, however, are so numerous that it is difficult 
to understand why it so persistently survives. It is expensive, for 
the ore has to be moved many times by shovel and wheelbarrow; 
much time is lost in the necessarily frequent sweeping of the floor; 
it offers ideal conditions for salting by the seller; and the slightest 
carelessness may cause a serious error. 

Whenever a lot of ore containing particles of varying size is piled 
in the form of a cone with a shovel or by falling from a vertical 
or an inclined chute, a rough separation of the fine and coarse par- 
ticles is begun and is continued to the end of the operation. This 
is true even when the ore is finely crushed, although the separation 
becomes more noticeable as the differences of the sizes increase, as 
is shown in Plates I, A, and II, A. There is no possibility of uni- 
formly mixing the ore by this method, no matter how conscicn- 
tiously the method may be carricd out. The most that can be 
claimed for it is that the different sizes are more or less eveuly dis- 
tributed around the vertical axis of the cone. (See Pl. I, LG.) The 
separation of the particles begins with the first shovelful, and after 
the cone is a foot or more in height the coarser particles run down 
the sides, the larger ones continuing to the floor. The finer particles 
remain at or near the apex, while the intermediate sizes lodge on 
the sloping surfaces and are forced nearer to the floor with each 
added shovelful. If the ore be coned from a chute or spout, this 
condition is exaggerated, because the ore flows in a continuous 
small stream instead of in intermittent and heavier shovelfuls. 

34915°—16——_2 
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MAKING THE CONE. 


It may be well to describe more fully the methods of making the 
cone in order that the reader may clearly understand how this segre- 
gation of coarse and fine particles may be exaggerated. First, a 
point on an iron plate or wooden floor is selected as the center of the 
cone. The ore is then brought from the bins or cars in wheelbarrows 
and dumped in one rough pile, or in a number of smaller piles around 
the central point, or the ore is dumped in a rough pile over the pro- 
posed center of the cone and then shoveled back into a ring or into 
four small piles or cones. The regular cone is then formed by shov- 
eling from the ring or piles (fig. 1). If the shovel is held close to the 

floor in shoveling any pile 


of ore, the face of the ore 
soon reaches its angle of 
rest. The coarser ore then 
a rolls down and stops a 
short distance from the 
base of the cone, while the 


finer ore slides gently down 
and remains at the base. 
b b The shovelers usually stand 
between the forming cone 
and the ring or piles of ore 


from which they are shoy- 
eling. The shovelers may 
a push their shovels into the 
pile of ore radially or at 
an angle. If the shovel is 
pushed into the ore radially, 


FiGurE 1.—Method of forming cone by shoveling from four piles the coarse ore will be found 
to a central pile. 

on the heel of the shovel 
and the finer ore on the point; if at an angle, the coarser ore will be 
found on that corner of the heel farthest from the pile and the finer ore 
on that corner of the point nearest to the pile. This is clearly shown in 
figure 1, which represents four piles of ore placed about the proposed 
central cone. The reject and sample quarters are represented in the 
figure by r, r, and s, s, respectively. If the shovelers at a, a push 
their shovels straight into the piles, then when the load is thrown 
on the apex of the cone the coarse ore will fall from the heel of the 
shovel into the sample quarter nearest to them, and the fine ore from 
the point of the shovel will tend to fall in the opposite sample quarter. 
If the shovelers at 6, b load their shovels by pushing them into the 
piles at an angle, but throw the load squarely on the apex of the cone 
in the same manner as those at a, a, then the coarser ore will fall into 
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A, CONE OF CRUSHED ORE WITH PARTICLES OF VARYING SIZE. 


Note segregation of coarse from fine particles. 


B. CONE OF CRUSHED ORE, AS VIEWED FROM ABOVE. 


C. CONE AT BEGINNING OF FLATTENING PROCESS. 


Goc gle 


BUREAU OF MINES TECHNICAL PAPER 86 PLATE Ii 


A. CONE OF CRUSHED ORE WITH PARTICLES MORE UNIFORM THAN THOSE OF CONE 
SHOWN IN PLATE |, A. 


C. CAKE FROM WHICH REJECT QUARTERS HAVE BEEN REMOVED 
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the sample quarters, s, s, and the finer into the reject quarters, r, r. 
It might appear that, as a and b are opposite a and b, respectively, 
the selective work of one pair of shovelers would compensate for that 
of the other; but this is not true, because from a, a, both of the 
sample quarters s, s receive large quantities of the coarsest and finest 
particles of the ore, while r, r neverre ceive their full proportion of the 
coarsest particles. From }, b, the bulk of the coarse particles will 
reach the sample quarters s, s. Consequently, while all the quarters 
receive some of the fine particles, the greater proportion of the coarse 
particles is thrown into the sample quarters. If the coning and 
quartering have to be repeated several times and the work is similarly 
conducted, the effect will be cumulative and be responsible for inac- 
curacies otherwise unaccountable. 

After the cone has reached a foot or more in height an onlooker 
will often notice that the apex has shifted to one side (see Pl. I, B) 
and that it is frequently over one of the quarters to be rejected. 
Also there is small probability of the apex being always in the same 
vertical line, as it usually shifts over the face of the cone, depending 
on the height of the shoveler or on the force he used in discharging 
the load from his shovel. 

Conditions similar to those described were noted at several plants, 
although it was not apparent that advantage was being intentionally 
taken of them. In coning and quartering, workmen usually acquire 
certain habits, such as marking the quarters in a certain direction, 
always taking the rejects from certain points of the compass, or fol- 
lowing each other in regular routine around the pile or piles, so that 
a resample may show a surprisingly close check with the original 
sample and yet both samplings may be inaccurate. 

After the bulk of the ore is on the cone the floor is swept and the 
sweepings added to it. A common mistake made is that instead 
of carefully adding the sweepings in small portions to the apex of the 
cone they are sometimes swept up against its base and may be 
either included in the sample or taken out with the reject. 


FLATTENING THE CONE INTO A CAKE. 


The result of this operation is a conical pile of ore (see Pls. I A, B, 
and II, A) in which the coarser particles are near the base and the 
finest are near the apex. Vertical sections of such a pile will show 
plainly the stratification and also illustrate the lack of proper mixing. 
The importance of the next process, flattening the cone into a cake, 
is apparent. This is done with a shovel held in an upright position 
with its face away from the center. The more common method is 
to start about one-third of the distance between the outside and the 
center of the cone, push the shovel in to a depth of a few inches, and 
then drag the ore beyond the base of the cone, as shown in Plates 
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I, C, and II, B. As the ore is dragged along, the finer particles sift 
out and are left behind, while the bulk of the coarse particles is car- 
ried to the end of the drag. As this process is continued, each suc- 
ceeding drag is started from 2 point a little nearer to the center of the 
cone and therefore contains a larger proportion of fine particles, so 
that the tendency is to make a cake having the bulk of the coarse 
‘particles on the bottom and the finest on top. This tendency is 
shown by the view of a cake from which the reject quarters have been 
removed, shown in Plate II, 

In some plants, as a preliminary to dragging as described above, 
or sometimes as a substitute for it, the shovel blade is held vertically 
with its plane nearly parallel to tho radius of the cone, and is then 
churned up and down as the workman walks around the cone. 
When the workman has made one circuit of the cone, he moves his 
shovel a little nearer the center and makes a second circuit, repeating 
the process until he has reached the center. The churning action of 
the shovel intensifies the segregation of the particles and, after the 
first circuit, the remainder of the cone is seen to be surrounded by a 
ring of the coarsest particles. The circular dragging motion is 
intended to overcome in part the possibility of improper coning, as 
portions of the ore may bo dragged some distance around before 
being released by tho shovel. The principal disadvantage of this 
modification is tho greater segregation and the possibility of leaving 
more or less of the fine particles in certain quarters. 

In both of the systems described it is difficult to uniformly dis- 
tribute the last few shovelfuls of the finest ore from the apex of the 
cone. In consequence this fine material may be dragged bodily into 
some one of the quarters, thereby seriously affecting the result of the 
sampling. 

Anothor practice is to remove from the center of the cake a portion 
extonding to the floor and a foot or two in diameter. The value of 
the sample depends on whether this fino material is uniformly dis- 
tributed all over the cake, or whether it is dragged into the sample 
or reject quarters. The distribution depends largely upon the per- 
sonal equation of the workmen. The use of this method increases 
the proportion of fine material on top of the cake and therefore the 
difference between the top and the bottom layers and the possibility 


of error in quartering. 
BENCH OR COBB SYSTEM. 


A method known as the “bench” or “cobb” system, by which 
the tendency to segregation is largely overcome, is in use at two 
plants. It was first applied to certain high-grade ores and has given 
such satisfaction that it has been continued in use for over a decade. 

Instead of first piling all of the ore in a cone, a certain part, some- 
times as little as 15 pounds, is coned. This small cone is then dragged 
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out into a layer 1 inch or more in thickness and a similar quantity is 
coned on top of this layer and dragged out. This is continued until 
all the ore is in the cake, ready for quartering. This method gives 
a cake with a surprisingly small amount of segregation and, as there 
is no large accumulation of fine particles at the center, the effects of 
accidental error in dragging out the ore are not so serious as in the 
original method of flattening from a single large cone. 


USE OF WOODEN OR STEEL CROSS. 


The cross, which was used in the early days of mining in Colo- 
rado, was still in uso at seven of the plants investigated. The arms, 
placed at right angles, are of steel or wood, any desired length or 
width, but of equal size. Crosses of different sizes are used, depend- 
ing on the quantity of ore to be sampled. 

The cross is placed on the floor where the cone is to be formed and 
the ore is then shoveled onto it, the intent being to throw each 
shovelful directly over the intersection of the arms. After all the 
ore is placed on the cone, it is flattened by the usual method into a 
cake as thick as the cross. The cross may also be used for quarter- 
ing after the cake has been formed. This is accomplished by placing 
a steel cross on the cake in such a manner that its intersection comes 
at the center of the original cone and then driving it down to the 
floor; the rejected quarters are then shoveled from between the arms. 
The special advantage of this device is apparent from the following 
description of the quartering. 

The flattened cake, if the cross is not employed, is usually marked 
with a straightedge or, if the cake is small, with the handle of a shovel. 
In order that every quarter may contain its proper proportion of fine 
and coarse particles, it is obviously necessary that these lines should 
intersect at the center of the original cone. Sufficient care is not 
always given this important step, and it is not unusual for these 
lines to be marked 2 or more inches to one side of the center. In 
this way it is possible to take advantage of any known shifting of 
the apex of the cone. The reject quarters are now shoveled from 
the cake into wheelbarrows and taken to the bin. After the bulk of 
the reject is removed as closely as possible to the marked lines on the 
cake, the shovel is either driven down vertically from these lines to 
the floor or drawn from the top to the bottom at an angle approxi- 
mating the angle of rest, the ore thus removed being added to the 
reject. Segregation of the particles will be most apparent at this 
point, and the thicker the cake the greater will be the difference be- 
tween the sizes of the particles at the top and at the bottom, as shown 
in Plate Il, @. The workmen ean not prevent the face of a cut secking 
its angle of rest, and the result is that the finer particles at the top 
usually fall or are dragged into the reject space and are consequently 
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swept up and carried away, a corresponding amount of coarser material 
being left in their place. Although this amount is not large, it may, 
with high-grade ore, cause a serious error. 

With the open system, the workman can never be sure that he is 
taking from these division edges more or less than he should. He 
also has to exercise his judgment as to whether he should take all the 
fine particles that fall to the floor, or whether he should dip into the 
layer of coarse material that lies close to the floor. This error may 
be minimized by the use of the steel cross, as previously described. 
Whether the cross is used at the time of coning or for the quartering 
only, it is an improvement over the open system, and its general 
adoption is a matter worthy of consideration. 

Throughout the whole operation, fram the time that the ore is first 
dumped on the floor to the time that the reject quarters are removed, 
the tendency is to reject an excessive proportion of fine particles, 
thus leaving for each succeeding sampling a constantly increasing 
proportion of coarse material. This tendency can in a measure be 
overcome by alternately taking for the sample the ore in the usual 
reject quarters. Inasmuch as the first cone is the largest, its propor- 
tionate error, due to segregation, is probably greater than that of the 
succeeding cones. Therefore, whether the reject or the sample con- 
tains the greater proportion of fine particles depends on which one is 
removed in the first quartering. All operators do not recognize the 
importance of this segregation, and occasionally a plant permits the 
seller of a lot of ore to specify, during the sampling, which quarters 
are to be taken for the sample. Where this is done, an intelligent 
and attentive watcher may be of considerable value to his employer. 

The custom noted in a few plants of removing additional slices from 
the sample quarters left on the floor, when these quarters are found 
to contain more ore than is desired for the final sample, and yet is too 
small to be again quartered, is of doubtful accuracy. If this slice is 
taken radially, there is less objection to it, but it is usually taken on 
a line parallel to the already marked radial edge, so that the propor- 
tion of fine material to coarse material is increased beyond the correct 
ratio. 

This will be made clear by reference to A and B in figure 2, which 
represent by full lines the sample quarters of the same cake after they 
have been reduced by both of the methods outlined in the preceding 
paragraph. As the finest ore is at the center of the cake, and the ore 
becomes progressively coarser toward the edge, it will be apparent 
that the ore lying within the inner circle averages finer than that 
lying between the inner circle and the circumference of the cake, and 
that the proportion of fine to coarse ore will be the same in all radial 
slices throughout the cake. In B the slice defg, taken parallel to the 
radial edge fg, contains the same amount of ore as the radial slice abc 
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in A, but has a greater proportion of its area lying within the inner 
circle, and therefore defg would contain a larger proportion of fine 
ore than abe. The black parts in the two diagrams have been calcu- 
lated mathematically to contain the same amount of ore, and the 
shaded part in B represents the discrepancy between the correct pro- 
portion of fine ore to be rejected and the proportion that would be 
rejected if the slice were taken as shown in B. This discrepancy 
varies according to the size of the ; 
slice taken, 


FRACTIONAL SHOVELING. 


None of the plants examined used 
the fractional shoveling method of 
sampling exclusively, but all the 
plants using the coning and quar- 
tering method, and six plants in 
which mechanical methods were 
used in combination with hand 
methods, use fractional shoveling 
at some point in their operations. 
It is more commonly used during 
the unloading of the ore in order to 
save the expense of passing an en- 
tire lot through the mill or, if the 
ore is to be smelted, in order to put 
it on the beds in as coarse a condi- 
tion as possible. Unquestionably 
it is a very convenient method, es- 
pecially in unloading a lot of ore 
that has been previously crushed, 
or has been sampled at a custom 
sampling plant before its arrival at 
the reduction works. 

Fractional shoveling has many 
advocates who claim for it greater ; 

: . . FicurE 2.—Diagrams showing sample quarters 
accuracy than is possible’with the — reduced py slicing. A, Radial slicing; B, paral- 
coning and quartering system and! slicing. 
offer figures to show close checking on samples and resamples. If, 
however, the ore has been coned or placed in a regular pile before 
shoveling, the same evident sizing exists and opportunities for care- 
less or objectionable shoveling seem as great and, in certain instances 
noted hereafter, greater than in the coning method. Therefore, 
except for the convenience and possibly greater economy in handling, 
it offers little or no improvement over coning and quartering. 

When ore received by rail is sampled by fractional shoveling as 
unloaded, the car is placed over or near the storage bin, or beside a 
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conveyor belt, or near a platform; in the last event the ore is taken 
to the storage bins in wheclbarrows. 

The portion reserved for the sample varies from every second to 
every tenth shovelful, which is thrown into a special wheelbarrow and 
delivered to the sampling floor, or may be thrown into a separate pile 
in the original car. The reject is delivered to the storage bin. Occa- 
sionally the first sample, while still on the car, is again shovel-sampled 
to reduce its bulk and the car switched to a point near the sampling 
floor and the sample unloaded. 


DISADVANTAGE OF FRACTIONAL SHOVELING. 


One serious objection to sampling by this method during the un- 
loading of the ore is that the work is generally done by the cheapest 
labor and frequently by contract. In either case speed is the prin- 
cipal object. Moreover a contractor will not criticize his men for 
careless work or inaccurate counting of shovelfuls. The usual 
system is to instruct each man to count his own shovelfuls, but, in 
one instance of contract work, the man in charge counted in a Joud 
voice the shovelfuls thrown out by a certain workman. When the 
proper number was reached he called “Sample,” when every work- 
man in the car was supposed to throw his next shovelful into the 
sample pile, regardless of the number he had previously thrown into 
the reject. No uniformity was noted in this work, as is illustrated 
by the following records, which were made at three different plants. 

Tn each instance it was the intention to have the tenth shovelful 
taken for the sample. At the first plant the sample shovelful was 
consecutively the second, thirteenth, fourth, sixth, twelfth, tenth, 
ninth, sixth, tenth, third, and eleventh, averaging 1 shovelful in 7.8 
shovelfuls. At the second plant the record was the tenth, eleventh, 
and twelfth, averaging 1 in 11 shovelfuls. At the third plant, there 
were four men in the car, two working together at each end; each 
shoveler was also attending to the sample, placing the reject into one 
wheelbarrow and the sample into another. The following table 
shows the number of shovelfuls put into the four reject wheelbarrows 
by each of the two shovelers and the number of shovelfuls put into 
the sample wheelbarrow by each workman while loading the reject 


barrow: 
Record of shovelfuls put in reject and sample. 


Shovelfuls | Shovelfuls 

lo reject. | to sample. 
First wheelbarrow 15 0 
Oh a seotasigs dessa he 12 2 
Second wheelbarrow ait 13 1 
DGQse2 .2ba:s asics oS ceases Se on 13 1 
Third wheelbarrow oe 16 1 
Os she katt Role trees 14 2 
Fourth wheelbarrow 14 0 
YOL Bs So feb nbc aeSn se bodice Saldby co csiheddoaws Mibemaes ape @abemures sh oeQnbe ee 15 2 
Motalsc9 sada Sats SaeceSs sales Pato Raese ahs Sole eke Mowe Eesti aes 112 9 
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CONDITIONS IN SHOVELING. 


Fractional shoveling is used at various plants as a part of the 
regular method of sampling after the ore has been subjected to one 
or more crushing operations. When this process is employed, the 
ore is thrown into a cone or regular pile, either on an iron plate or a 
smooth floor. The workmen then take shovelfuls from the base of 
the pile close to the floor, throwing the sample shovelfuls on a separate 
pile for further treatment and the reject shovelfuls into a wheel- 
barrow to be taken to the storage bins. After the first shoveling the 
floor is swept and the operation repeated as many times as required 
to reduce the sample to the required size. 

The following discussion will aid in a better understanding of some 
of the conditions existing in shoveling from a pile of ore. If a shovel 
is pushed straight into a pile of ore, animperfect pyramid of ore forms 
on it as it is wit).drawn. As the ore on the shovel seeks a new slope, 
it starts sliding down the inclined surface, and as the coarse ore has 
the smaller angle of rest it runs ahead of the fine ore associated with 
it. If the shovel is overloaded, the coarse ore falls to the floor, leaving 
an excess of fine ore on the surface of the load. If the shovel is partly 
loaded, some coarse ore falls from the front and sides and some rolls 
down and collects on the heel of the shovel. Whether the workman 
takes consecutive shovelfuls at the same point—that is, on the same 
radius of the cone—or advances a step around the cone with each 
shovelful, it is possible for him to reject regularly and intentionally 
too great a proportion of coarse ore and take for the sample too great 
a proportion of fine ore. As the shoveling proceeds, the coarse ore 
that falls down the face lodges a short distance from the base of the 
pile, and when it has accumulated in sufficient quantity it may be 
scooped up as a shovelful for either the reject or sample. 

A new workman, regardless of whether fractional shoveling is done 
in the car or on the sample floor, generally takes a larger load on his 
shovel for the sample than for the reject. This is probably due to 
the fact that the sample shovelful marks the end of a period and is 
more impressed on his mind. As he is cautioned against this tend- 
ency and grows more experienced, he more often errs in the other 
direction, and takes too small a sample. As the center of the cone 
is approached, the proportion of fine ore increases, and if smaller 
shovelfuls are taken for the sample at this point than were taken on 
the outside of the cone a considerable error will result. 

Inaccuracies in shovel sampling are difficult to detect during the 
work, and only long practice enables the watcher to decide that any 
individual workman js doing careless or intentionally inaccurate 
work, With more than one workman at the pile of ore the watcher’s 
attention is necessarily divided, and, as every shovelful is immediately 
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thrown into a general pile and its identity lost, no comparison can 
be made of any two or more shovelfuls. Moreover, an experienced 
shoveler may, to the utter confusion of the observer, change his tactics 
from time to time, especially if he thinks that he is being watched. 


EFFECT OF RUNNING ORE FROM A CHUTE. 


One system in use in a few plants increases the possibility of errors 
in fractional shoveling through the manner in which the ore is piled 
before and during the shoveling. In this system, as the ore is crushed 
or rolled, it drops directly to a chute inclined at an angle of approxi- 
mately 45°. The bottom of this chute generally ends about 3 feet 
above the sampling floor and rests upon a vertical iron plate placed 
at right angles to the chute. As the ore rolls down the chute, the 
varying speeds of the different sized particles causes a rough separa- 
tion, the larger particles rolling along freely and being discharged at 
a greater distance from the vertical plate. The smaller particles 
move more slowly and, not having so great an impetus, drop directly 
under the chute onto the floor or pile. The intermediate sizes fall 
at points between these extremes. As the pile of ore increases in 
height and its top approaches the bottom of the chute, it will form a 
semicone and the coarse particles will continue to run down the side 
farthest from the chute, while the fine particles will spread out upon 
each side and near the vertical plate. 

As the sampling plate does not, as a rule, hold a large quantity of 
ore, it is customary to begin fractional shoveling at about the time 
that the apex of the pile has reached the base of the chute, thereby 
causing ideal conditions for the continued separation of coarse and 
fine particles. The appearance of such a pile of ore is sufficient to 
convince one of the possibility of error when a sample is removed 
from it by fractional shoveling. 

Figure 3 illustrates the condition described. In the figure a is the 
inclined chute, be the vertical plate, bed fe the pile of ore, f, g, and h 
the positions of the shovelers, and 7 and j the sample and reject wheel- 
barrows. The line ed is the assumed boundary between the coarser 
and finer particles. Usually a workman in shoveling will assume the 
most convenient position. If he stands at f he will shovel first into 
wheelbarrow 7 and then into wheelbarrow 7 from about the same part 
of the pile; but as few men can shovel both right and left hand, the 
usual position is either at h or g. If the workman stands at h, the 
wheelbarrow j will receive its load from the neighborhood of d, but 
the workman will take a step forward and load wheelbarrow 7 
from a point near f. If he stands at g, he will load 7 from near ¢ 
and j from near f. In either case the wheelbarrow more distant 
from the workman invariably receives too great a proportion of the 


Google 


DISCUSSION OF METHODS EMPLOYED. 27 


coarser particles, and unless the difference between the value of the 
coarse and the fine particles is negligible, the ultimate effect depends 
on which wheelbarrow is taken for the sample. 

In the past the seller has taken and probably is still taking an occa- 
sional advantage of hand sampling plants and even mechanical sam- 
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FIGURE 3.—Diagram showing segregation caused by fractional-shovel sampling from cone made under an 
inclined chute. 


pling plants that discriminate against the fines in their sampling. 
The buyer should have a full knowledge of his system of sampling 
and of how consistently certain practices are followed in its opera- 
tion. A few examples will illustrate some of the advantages that 
the seller may take. 
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SAMPLING CARS LOADED WITH WHEELBARROWS. 


In loading railroad cars at the mine or custom sampling plant by 
wheelbarrows each load is a rough cone, and it is often so dumped into 
the car that the apex of all the loads thrown against the side will fall 
close to the intersection of the side and the floor of the car. If in 
fractional shoveling of such a carload of ore it happens that the cus- 
tom of the buying plant is to have the men begin shoveling near the 
sides of the car, so as to be shoveling near the center when it comes 
time to take the sample shovelful, the sample will not contain a 
proper proportion of the fines. Again, if the ore be coned with the 
idea of shifting the apex to the reject quarter, or if the fines be partly 
eliminated during the quartering, or if a condition such as shown in 
figure 3 exists, a similar lack of fines will exist in the sample. If the 
seller is convinced that no amount of complaint or watching will 
overcome these conditions, he may, either in his mine or sampling 
plant or in a railroad car, accumulate a quantity of finely crushed 
low-grade ore and also ¢ quantity of high-grade coarse ore which he 
mixes together and ships as one lot, instructing his watcher to absent 
himself during the sampling of this lot and let the buyer do the rest. 
The buyer, who has bedded the reject from such a lot, has no pro- 
tection through resampling, as the grosser errors occur during the 
earlier stages of the operation. His only warning may be the sus- 
picious satisfaction of the seller, and his only protection may be an 
occasional test screening of the shipment. Obviously, his best pro- 
tection would be to install a system that discriminates neither one 
way nor the other. 

MECHANICAL SAMPLING. 


In order to avoid many conditions that seem unsatisfactory in all 
methods of hand sampling, there are in use various devices that are 
placed in the line of the moving stream of ore and automatically 
divert for the sample a fixed proportion of the stream, These are 
known as mechanical or automatic samplers. 

Many advantages are claimed for the mechanical system of sam- 
pling. Except for the cleaning of the machinery, the only hand labor 
required is for unloading the ore, and even this is avoided if the ore 
is delivered in dump cars. The operation is continuous, and if the 
plant is properly managed the sample may be placed on the drier 
within a few minutes of the time required by hand methods for merely 
delivering the ore to the sampling floor for the first coning. The ore 
is not rehandled nor is it stored for various lengths of time near other 
samples from which it might easily be salted. The unmixed condi- 
tion of the ore is less of a factor, and if the machine and general plant 
are correctly designed and constructed the work can be done at a 
much lower operating cost. With simple and proper precautions the 
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susceptibility to error and manipulation existing in hand methods 
is eliminated. 

An interesting fact is the universal use of the mechanical system 
by custom sampling plants. The nature of their work is such that 
these plants are in a position to compare their sampling systems 
with those of every other plant to which they forward ore. These 
comparisons are not only yearly or monthly averages but are also 
those of individual lots or mixtures of several lots forwarded as one. 
A well-conducted custom plant makes a study of comparative returns 
from different smelters and mills and, to this end, frequently makes 
shipments of what are termed ‘‘split lots” of the same ore to two or 
more smelters or mills. It is not an uncommon practice for custom 
plants to resample several consecutive portions of the same lot of ore, 
which are then sent to as many different smelters or mills merely 
for a comparison of results. They are also constantly studying 
any change made at any plant with which they have business rela- 
tions. For these reasons it is probable that a custom plant shipping 
regularly is better posted as to the reliability of certain methods 
than is the purchasing plant using them. 

The custom plant does not buy all the ore that it samples, but 
usually does a large proportion of its business in what is termed 

“sampled-in-transit” ore; that is, ore which the mine sends to the 
custom plant to be sampled as a check on the sampling that is to be 
done later at the purchasing mill orsmelter. Therefore, the preferable 
system for the custom plant would seem to be that which is most 
reliable under all circumstances. 

Among the objections to mechanical methods are the greater 
initial cost of the plant, the heavy cost of renewals of machinery, 
the difficulty of cleaning thoroughly, the danger of flying dust from 
a dry, high-grade ore, and, more serious than all else, the fact that 
with an unscrupulous operator, machines may be and have been so 
built or arranged that a correct sample is impossible. Too much 
stress can not be laid upon this feature of the mechanical methods. 
The combination of an incorrectly constructed machine and improper 
delivery spouts, as is described in a subsequent page, is a more 
serious cause of error, than any hand method heretofore discussed. 
A cone may be improperly formed or the shoveling improperly done 
but, in both these operations, conditions may be inexplicably changed 
at any time and, on account of a surprising average of errors, a 
correct sample may result; whereas, with an improperly designed or 
adjusted machine and a discriminating delivery, there can be no hope 
for anything but error. This possibility and its application by many 
sampling plants in the past has given rise to most of the opposition 
to the general use of mechanical systems but, fortunately, exposure 
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and agitation have made such practices almost as unsafe as the 
occasional placing of screens in the bottom of the elevators. 

Devices for mechanical sampling operate on either of two distinct 
principles which separate them naturally into two classes—stationary 
devices which continuously divert certain fixed sections of the stream 
of ore for the sample, and moving devices which are so operated that 
during several fixed periods per minute, they divert the whole of the 
moving stream of ore for the sample. These devices are commonly 
and more graphically described as those taking part of the stream all 
the time, and those taking all of the stream part of the time. The first 
class of the mechanical samplers now in use is represented by the 
whistle pipe and the bank or combination riffle. 


STATIONARY DEVICES. 
WHISTLE PIPE. 


The whistle pipe, in combination with coning and quartering, 
is in use in a number of plants which are under one management, as 
is represented by flow sheet 52 (p. 91). 

Figure 4 is a sketch of this device. The front of the rectangular 
housing, ef gh, is removed to show the whistle pipe, abcd, which is 
a vertical iron pipe witli five notched openings cut halfway through 
the pipe, as shown at 7, 7, k, 1, and q, each being placed at an angle of 
90°, measured horizontally, from the one immediately above. In 
these notches are rectangular pieces of steel, m no p, so placed that 
the top edge forms a diameter of the pipe. Above every notch is 
placed a cast-iron liner, two of which are shown at ¢ and wu, so shaped 
that the lower end is smaller than the upper, to collect the ore in 
a smaller stream just before it strikes the dividing edge. When 
the ore is delivered to the top of the whistle pipe, it falls on the 
first diverting partition, which causes approximately half of it to 
leave the pipe and fall into the reject bin. The other half continues 
down the pipe until it strikes the second partition, set at right angles 
to the preceding one, where it is similarly divided. This process 
continues through five diverting partitions, so that the sample 
finally leaving the pipe represents one thirty-second of the original 
lot. The rejects from the five openings are discharged into the 
housing and are diverted by the chute rs to the reject receptacle. 

The advantages of this device are its low original cost, economy of 
operation, and the simplicity and rapidity with which it reduces the 
ore to such a small proportion of the original amount. A disadvan- 
tage is that there is no possibility of recrushing the ore until it has 
been reduced to one thirty-second of its original bulk. This makes 
it necessary to crush the whole lot to whatever degree of fineness is 
required by this small sample. As it is rather unusual to change a 
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set of rolls or a screen for lots of small tonnage, it is probable that 
the crushing limit is that of the average large lot. A maximum size 
of particles which would be safe for a 100,000-pound lot would tend 
to cause an error in a 20,000-pound lot. Another possible source of 
error is that the rectangular piece of iron forming the partition is 
inserted on an angle rather than in a vertical position. As this par- 
tition wears, the dividing edge will 
recede toward the outside of the pipe 
and cause too large a proportion to 
go into the sample. If the feed is 
uniform, the error resulting may not 
be serious, but if the stream of ore 
has a tendency to segregate, a reces- 
sion of the dividing edge may cause 
a serious error. Inasmuch as the 
device must be housed to prevent 
the escape of ore and dust from the 
reject, there is little or no oppor- 
tunity for inspection during sam- 
pling, so that a temporary clogging at 
the sampling partitions could readily 
remain undetected for varying periods 
of time, thus forcing an undue pro- 
portion of the ore into either the 
sample or reject. The cast-iron liners 
tend to wear unevenly, the greater 
wear taking place where the coarse 
ore strikes, thus establishing lines of 
flow that might result in an improper 
division of the sample. 


BANK OR COMBINATION RIFFLE. 


The bank or combination riffle is 
in use in connection with the Vezin 
sampler (see pp. 35-39) in four plants, 
as shown in flow sheets 10, 11, 12, 
and 19. This device consists of five Ficuxe 4.—Sketch showing elevation of whistle- 
rifles set in one frame, the top Pipe BtREETs 
rife being placed over two lower ones, which are in turn followed 
by two more set below them. Figure 5 illustrates the lines of 
flow through this device. The ore is fed from a chute or hopper 
to the first riffle, a b, where the stream is divided into a number 
of smaller streams, of which every other one falls on one side 
and the rest on the opposite side of the riffle. From the spouts on 
both sides of the first riffle the streams of ore impinge on inclined 
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iron aprons, k and k, by which they are diverted to the two riffles 
ed and ef, smaller than a6. Four sets of streams flow from these 
two riffles, each set representing one-fourth of the original lot. Two 
of these unite and fall into the reject receptacle; the other two sets 
are diverted to two aprons, m and m, and the two riffles gh and 7j, 
where they are again divided into four sets of streams. Two of 
these sets unite and fall into the reject receptacle; the other two, 
each being one-eighth of the original lot, may be united or may be 
kept separate as original and duplicate samples. If the sample so 
produced is larger than desired, it may, with or without further 
crushing, be passed through a similar set of riffles, or it may be ele- 
vated and passed through the same set. This repetition may be 
continued until the desired weight 
a b is obtained. The riffles may be 
built in a rigid frame, or they may 
be hung with rods so that a work- 
man may swing one or more of the 
sections across a falling stream of 
ore. 

Among the advantages claimed 
for this device is the fact that it 
divides the original stream of ore 
into a large number of smaller 
streams before separation, thus 
avoiding the error possible in con- 
ing and quartering where only four 
cuts are made before separation. 
Further, it is easily operated and, 
as the ore is generally finely crushed 
when it reaches this point and is fed to the device without a long drop, 
the wearing of the dividing edges will be slow. 

On the other hand, its construction is not simple, and great care 
is required in constructing the dividing partitions and preserving 
them in proper condition. There is danger of the partitions becom- 
ing clogged by damp ore, pieces of wood, or cloth, and as they are 
not easily accessible for examination they may remain clogged and 
part of the riffle may for long periods of time take no sample or else 
an undue proportion of the ore may pass into the sample. In order 
to guard against this tendency, the riffles are frequently tapped 
with a hammer and may be seriously bent out of shape. The great 
disadvantage of all devices of this type is that, under nearly all con- 
ditions, a falling or sliding stream of ore acquires certain tendencies 
that are developed by the conditions surrounding its previous 
handling. For instance, if one side of a delivery chute is lower 


Figure 5.—Lines of flow in bank or combination 
riffle sampler. 
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than the other or if there is a decidedly low place anywhere in the 
bottom ‘of the chute, the fine ore will seek that low point. If there 
are several such places or depressions, all will form lodging places 
for the sliding fine ore. If there is a straight delivery to the chute, 
the coarse ore will be more or less evenly distributed in its flow, but 
if there is an angle at any point in the delivery, the coarse ore will 
also be found to have regular lines of flow. 

The uneven wear of the face of a set of rolls tends to deliver the 
crushed ore in separate streams and, at the same time, to segregate 
the coarse and the fine ore. An angled spout, the effects of which will 
be more fully referred to later, causes an evident segregation. In 
fact, any number of conditions may exist that make the delivery of a 
stream of ore anything but uniform. Therefore, it is possible, and 
highly probable, that one or more of the divisions may intermittently 
or regularly receive an incorrect proportion of the fine or coarse ore 
and the cause may be exceedingly difficult to detect. Correct 
samples may be nevertheless obtained on account of the compen- 
sating averaging of errors. 

In the bank riffle the ore that slides down any one of the small 
spouts tends to separate into different sizes as it impinges upon the 
small diverting apron. The finer and damper ore adheres to the 
apron surface for an appreciable length of time and, when it is finally 
dislodged, it drops into the nearest division in the succeeding riffle. 
However, another pile immediately begins to form; so that there is 
built up a series of pyramids which causes the rolling coarse particles 
to be diverted to both sides and consequently into certain divisions 
in the following riffle. The first diversion may cause a small and 
hardly appreciable error, but as the ore passes through three sets of 
riffes and may be repassed one or more times, there may be a cumu- 
lative error which, especially in sampling high-grade ore, may seri- 
ously affect the final sample. This tendency is so well recognized 
that rifles are sometimes given a swinging motion, as has been 
stated above, in order to break the lines of regular flow. However, as 
this correction in the regular process generally depends on the mem- 
ory, convenience, or whim of the workman, it is at best spasmodic. 


MOVING DEVICES. 


The second type of mechanical sampling devices is represented 
by the various time samplers that have either a rotating or an oscil- 
lating motion. These samplers are so constructed and operated that, 
during one-twentieth to one-fifth of the time of a single rotation or 
oscillation, the entire stream of ore is diverted for the sample, and 
during the balance of the period the entire stream of ore fallsinto the 
reject receptacle. 

34915°—16—3 
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This type has certain special advantages in addition to those 
already ascribed to mechanical samplers. With proper construction 
and operation, the manner of delivering the ore is theoretically un- 
important. Even though the ore be screened and the fine and coarse 
delivered to the sample spout from opposite sides of the chute, no 
error should occur, because the machine cuts across the entire stream, 
consequently both the sample and reject are under every section of 
the stream for the same proportion of the time. Owing to the sam- 
ple spouts being wider than is possible in the riffle system, there is 
less danger of clogging and the entire machine can be made more 
readily accessible for cleaning and repairing. It is as easy to build 
a “crooked” as an honest machine. 

The more common examples of this type in use in the plants visited 


Figure 6.—Sketch of Snyder samp 
ler; a, disk; 6, shaft; ¢ f, cutting 
edges of sample spout; ef d, side 
of spout. Figure 7.—Ideal section of Snyder sampler. 


are the Snyder, the Vezin, the Chas. Snyder, the Brunton vibrat- 
ing, and the Brunton oscillating machines. 


SNYDER SAMPLING MACHINE. 


The Snyder machine is in use at one plant, that shown in flow sheet 
21. This machine (figs. 6 and 7) consists of a cast-iron plate a, 
revolving in a vertical plane on the axis b. The spout that passes 
through the plate receives the sample portion from an inclined de- 
livery chute. When the sample spout is not beneath the ore chute, 
the ore impinges against the, plate and is thereby thrown back into 
the reject receptacle. Being made of cast iron, these machines have 
no easily bent or twisted parts, are easily accessible for cleaning and 
keeping in repair, and, under proper conditions, should give a correct 
sample. The greatest danger of inaccuracy lies in improper con- 
struction. Asisshown in figure 7 the cutting edges, ef, of the sample 
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spout should be parallel and preferably perpendicular to the plate, 
and the sides of the sample spout should be in planes passing through 
the center of rotation. With this construction, the opening in the 
spout will become wider as the edges wear down, but at the same time 
it will acquire a longer radius of rotation and will consequently 
continue to cut the same arc in the same period of time. On the 
other hand, should these sides vary from the construction described, 
as, for example, should they be parallel or converging toward the 
bottom, the wearing of the edges will not cause a corresponding 
widening of the spout, and the greater the wear the less will be the 
proportion taken for the sample at that point. If the sides spread 
more than they should at the bottom, the wear will cause an increas- 
ing proportion to be taken in the sample. As the delivery chute is at 
an angle to the horizontal, the coarser particles will be delivered 
nearer to f and the finer particles will fall near e, and therefore, the 
edges of the sample spout will show a greater wear at f, as shown by 
the dotted line eg. An error may also be caused by some of the fine 
ore that ordinarily would fall into the sample spout, adhering for a 
time to the plate a, and then dropping into the reject, or some of the 
fine ore that ordinarily would fall into the reject dropping into the 
sample spout. This occurs principally with damp and sticky ores. 

Owing to the slowness of rotation, it may be questioned whether 
the sample is taken frequently enough. This error is largely over- 
come by having two, three, or four sample spouts cut in the disk, 
though this increases the probability of error through sticky ore, as 
suggested in the preceding paragraph. 


VEZIN SAMPLER. 


The Vezin sampler is in use in 25 of the plants inspected and is 
used in combination with almost every present method of sampling. 

The details of the construction of the machine have been changed 
to suit the ideas of many managers of many plants and some of the 
designs bear only a general resemblance to the original drawings. 
However, the principle of the machine remains the same and what 
is said regarding the original form applies to all variations. The 
Vezin sampler in its simplest form is shown in figure 8. 

The shaft, which revolves in the direction of the arrow, carries the 
sampler with it. The sampler spouts s and s pass beneath the deliv- 
ery chute c, and deliver the sample part to the center of the machine, 
whence it passes out through the spout at the bottom. When the 
sample spouts are not passing beneath the chute, the ore falls into 
the reject compartment 7, which is not shown in the figure. 

This device has many distinct advantages. It can be so erected 
as to be easily accessible for cleaning and examination during sam- 
pling; it can be built to all sizes; by the addition of extra spouts any 
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proportion desired may be taken for the sample; two machines may 
be operated side by side in such a manner that a duplicate sample 
may be taken at the same time as the original; and when correctly 
built and the ore properly fed to it, should unquestionably take a 
correct sample. 

Among its disadvantages are the amount of headroom required, 
the liability of damp ore piling up in the sample spouts, and the 
tendency of the long upper edges of the sample spout to become bent 
and uneven. It is not feasible to operate this device at very great 
speed, and consequently, with the usual one or two armed devices, 
the samples are taken less frequently than is desirable. This defect 
can be overcome by increasing the number of sample spouts, but in 
only one instance was a Vezin sampler noted with more than two 
spouts. Its great disadvantage, 
almost enough to condemn it, lies 
in the ease with which it can be 
constructed and operated to take 
almost any kind of a sample de- 
sired. Modification of its construc- 
tion so slight as not to be notice- 
able when the machine is in motion 
and only determinable by careful 
measurements taken with the ma- 
chine at rest will cause an appreci- 
able error, and if to this is added 
the error due to an incorrect deliv- 
ery chute, there would seem to be no 
limit to the possible error. More- 
over, the machine may be so built 
FIGURE 8.—Sketch of Vezin sampler. ¢, chute; that, as first erected, the sample 

fete STIS FOO) Fi ZIRS: spout will show the proper align- 
ment and yet, through the wearing down of the cutting edges, a 
condition soon arises that is the equivalent of incorrect construction. 

As this device was never patented, conditions of its manufacture 
and use could not be controlled, but the inventor, H. A. Vezin, con- 
tinually urged certain necessary conditions. He insisted that the 
sides of the sample spout should be vertical, that the top edges should 
be radii of the circle of rotation, that the feed chute should be inclined 
at an angle of approximately 58° to the horizontal and should deliver 
the ore in a sheet parallel to the edges of the spout as they pass 
beneath it, and that the sampler should be so rotated that the speed of 
the sample spout should approximately equal the horizontal speed 
of the ore when it reaches the spout. The latter recommendation 
was supposed to eliminate the bounding around of the large pieces 
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of ore, to lessen the danger of large chunks jamming between the 
edges of the chute and the spout, and incidentally to lessen the wear- 
ing of the cutting edges. Unfortunately, however, these recom- 
mendations are not always adopted. Some of the earlier machines 
were even constructed with rectangular sample spouts, and, further, 
the ore was fed over an inclined chute delivering toward the center 
of the device. As these radical errors in construction were soon 
understood by the ore seller, variations less apparent were adopted 
and to-day, to determine whether the sample spout is not nonradial, 
it is necessary to take careful measurements while the machine is at 
rest. 

In order to more clearly understand this condition, reference 
should be made to figures 9 and 10, representing horizontal drawings 
of five Vezin samplers. In the figures e fis the outside line of travel 
of the spout, gh is the inside line of 
travel of the spout, the center of 
the carrying shaft is shown by a 
cross, a bc dis the plan of the top 
of the sample spout, and 77 is the 
bottom edge of the inclined chute 
delivering ore to the sampler. 

Figure 9 shows the spout cor- 
rectly constructed, with both a 6 
and c d cutting the same angle on 
the respective circles. The lines a 
cand bd are radial; that is, a con- 
tinuation of them passes through aK it 

‘the center, so that no matter what a 
form the delivery chute may be the f 
spout should take a correct sam- Ficvre 9.—Outline of Vezin sampler spout oor- 
ple. Figure 10 shows spouts in- ey es 
correctly constructed, with the inside edge ¢ d of the spout wider than 
it should be and with the continuation of the lines a ¢ and b d meeting 
beyond the center of revolution. This causes the percentage taken 
by the spout to vary from its inside to its outside edge between the 
figures noted on each drawing. In figure 10, C, the line 77 is that of a 
delivery chute, and the figures 10.3 and 11.1 are the percentages that 
would be taken by the sample spout between the points 7 and 7, and 
the line 7’ j’ is that of another delivery chute, and the figures 9.4 
and 10.3 are the percentages that would be taken by the sample spout 
from this delivery chute. Figure 10, D, represents a sampling 
machine having the inside edge of the spout narrower than it should 
be, with the percentage varying from 3.9 on the inside to 11.4 on the 
outside edge. The spouts would take from the ordinary delivery 
chute on the line 7 7 percentages varying from 9.7 to 8.65. 
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The differences in percentages noted between the inside and the 
outside of the delivery chute might be small enough to be neglected 
if it were not for the fact that the ore does not ordinarily flow from 
the chute in a uniform stream. As noted before, the coarse and fine 
ore will take different lines of flow and the natural tendency to 
segregation may be greatly increased by an accidental or intentional 
tipping of the chute. For instance, if the chute should be so tipped 
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FicureE 10.—Outlines of improperly designed Vezin sampler spouts. A, B, and C, spouts with inside 
edge too wide and the continuation of the sides meeting beyond center of revolution; D, inside edge 
too narrow, lines meet inside of center of revolution. 


that the point 7 is higher than the point 7 (fig. 10, C), the fine ore will 
tend to gravitate toward 7, giving too small a proportion of the fine 
ore in the sampler under the conditions shown in A, B, and C, and too 
great a proportion under those in D. If the chute is tipped so that 7 
is higher than 7 the conditions, of course, would be reversed. 

Views of an improperly designed Vezin machine are shown in Plate 
III, A, B, and C. The contraction of the sample spout as the center 
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of rotation is approached is evident. The measurements of this 
machine show that the outer extremities of the two spouts will cut 
a 9.8 per cent sample, whereas the inner extremities will only cut a 
6.1 per cent sample. It is interesting to note that this machine was 
so new when photographed 
that it showed almost no 
wear. It was not found in 
the mills whose flow sheets 
accompany this paper. 
Figure 11 illustrates the 
application of the knee-joint 
spout to an improperly built 
Vezin sampler. By adjust- 
ment of the angle of the 
upper part a, and of the 
lengths of parts a and 3, 
considerable control can be 
exercised over the distribu- 
tion of. the coarse and the 
fine ore. The sides of the 
sample spout are shown tan- 
gent to the driving shaft, 
which was at one time the 
popular extent of the widen- 
ing of this spout at the - 
center. Whether fine or ELEVATION 
coarse ore preponderates in 
the sample would have to 


be determined by collecting 
samples at the inner and 


outer edges of the delivery 
chute. If part 6 were short | | ted | 2 


enough, the coarse ore would 
be delivered near d and the 
finer ore nearer toc. With 


such a feed, the sample PLAN 

would contain too great @ Fiaure 11.—Sectional sketches of knee-joint chute and Vezin 
. : sampler with incorrectly designed sample spouts. 

proportion of coarse ore in 

the spouts shown in A, B, and CG, figure 10, and too small a propor- 

tion of coarse in a spout like D, figure 10. 


CHAS. SNYDER SAMPLER. 


The Chas. Snyder sampling machine is in use in several plants 
which are under one management, the general system being repre- 
sented by flow sheet 54 (p. 92). The principle of the machine, as 
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shown in figure 12, is similar to that of the Vezin, in that it revolves 
in a horizontal plane and has spouts with radial edges. The delivery 
chute, however, instead of being square or rectangular as in the 
Vezin, is of a special shape. The bottom of the chute is annular and 
covers an are of 90° directly over the sample spout, and the arc is 
less at the top where the ore is received from the elevators, rolls, or 
shaking trays. From the inside to the outside of the chute extend a 
large number of short iron rods that scatter and delay the falling ore 
and tend to break up any previous segregation. The machine has - 
four spouts so that at all times, even if the machine should stop for 
any cause, one of these spouts is receiving some of the ore. What 
has been said of the advantages and disadvantages of the Vezin 
sampler also applies to this machine, except that, as it is patented and 
its use confined to one company, there has not been the temptation 
or opportunity for its misuse, 


BRUNTON VIBRATING SAMPLER. 


The Brunton vibrating sampler is the only machine used at two of 
the plants visited, and one other plant uses 
it in connection with the Vezin, as shown 
in flow sheets 2, 33, and 34. 

Front and side views of this machine are 
shown in figure 13. The ore is delivered 
through the chute 6, which is narrowed at 
the lower end, as shown at c. The operat- 
ing mechanism drives the diverting arm 
from the position a to the position a’ and 
back again. If less than one-half is be- 
Ficurr 12.—Plan of Chas, Snyder 1G taken for the sample, the vibrating 

sampler. a, delivery chute; 6, arm rests in the position @ longer than 

eanpio mROUNS: at a’, thus diverting the ore for a longer 
period of time into the reject. This device has few wearing parts, is 
easily cleaned, can be quickly and simply changed to cut different 
percentages, and with proper arrangement of the feed will take a 
correct sample. The correct feed, as insisted on by the inventor, is 
assured by delivering the ore to the machine in a thin stream parallel 
to the axis of vibration, which will cause the diverting arm to cut 
the stream across its narrowest dimension. The disadvantage of 
this device is that the delivery of the ore to it may be such as to give 
an incorrect sample. Figure 14 illustrates this possibility. The 
lower edge of the delivery chute is represented by dh and the ex- 
treme right and left positions of the vibrating arm are represented 
by 6 and a, respectively. The regular movement of the arm is 
through a small arc, but in the figure this is exaggerated for the sake 
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of clearness. Assume that a 20 per cent sample is being taken and 
that the timing is such that the arm is in the position @ approxi- 
mately four times as long as in b. In moving from a to b the 
sample spout will not be receiving ore from all points on the line dh 
for equal periods of time. Ore from part or all of the section d e 
will be falling into the sample while the arm moves from d to h and 
back again, from section e f while it moved from e to h and back 
again, from section f g while it is moving from/ to A and back, and 
from the section g A while it is passing from g to h and back. If the 
different rates of speed at points between a and b are regarded as 
negligible, the sections d e, ef, and f g deliver to the sample, while the 
diverting arm is in motion, four, three, and two times as much ore, 
respectively, as gh. When the machine is, as insisted on by the in- 


Figure 13.—Front and side view of Brunten Ficure 14.—Diagram showing path of diverting 
vibrating sampler. arm of Brunton vibrating sampler. 


ventor, operated under a thin stream of ore, such as falls from a shaking 
tray, the short length of the arc cut through the ore by the vibrating 
arm makes these differences negligible. However, should the ore be 
delivered to this machine in a stream of large diameter and in a man- 
ner such as would exaggerate the natural tendency of the particles to 
segregate, the sample obtained will contain an incorrect proportion of 
either the coarse or the fine ore. Such a condition seemed to exist 
in two places in one plant and in one place in another plant where a 
narrow delivery chute was not found. This condition is illustrated 
in A, figure 15, in which the ore from the rolls falls into a hopper 
having one inclined side. At the bottom of this hopper is a short 
straight vertical chute that discharges directly onto the sampler. 
The ore in its fall first strikes the inclined side of the hopper, the fine 
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ore sliding over to and being discharged from the opposite side of the 
straight chute, while the coarse ore bounds from side to side without 
any regularity. Following this machine is a second one operating 
under similar conditions but causing less segregation. The rolls of 
this second machine are in the position of the dotted lines shown in 
A. This increases the total error unless, as is the occasional custom, 
the sample be taken from the 20 per cent side in one machine and 
from the 80 per cent side in the other. B shows the conditions of 
delivery from an elevator, C from a knee-joint spout, and D from a 
screen. These require no explanation. 

It is futile to attempt to prophesy positively the exact position 
of fine ore after it leaves an inclined surface. The physical condi- 
tion of the ore partly determines this. Small samples collected by 
putting the hand in different parts of the stream give a rough indi- 
cation of the distribution of fine and coarse ore in the stream and, 


2 on this side 


fin 


\ 
GAN 


Figure 15.—Incorrectly arranged feeds to Brunton vibrating sampler. A, ore falls from rolls into inclined 
hopper; B, delivery from elevator; C, knee-joint chute; D, delivery from screen. 


if more exact evidence is desired, screen or assay tests may be made. 
Nevertheless, the important fact remains that there is a probability 
of segregation in these instances that will affect the sample. As 
previously explained, this danger is only eliminated if a narrow spout 
is inserted and is kept in good repair. 


BRUNTON OSCILLATING TIME SAMPLER. 


The Brunton oscillating time sampler is the only machine used in 
six of the plants inspected. The diverting device is shown in two 
positions in figure 16. In construction and operation it avoids many 
of the dangerous features of the earlier inventions. It has a rectan- 
gular sample spout instead of one with radial sides, and as the sides 
of this spout are short and their cutting edges are made of special 
steel, there is little chance for distortion. The sampler is so balanced 
that it is given a rapid motion and thus takes a large number of sam- 
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ples, as many as 72 per minute. Through this rapid motion and on 
account of its oscillating in a vertical plane, it has a greater tendency 
to clear itself in case of obstruction or of ore which is moderately 
sticky. It requires little head room, so that a series of three or 
more machines, with the intervening rolls and shaking trays, may 
be erected without making a high mill. It is also quickly and easily 
accessible for examination, cleaning, and repairing. 

Its evident disadvantage is the difficulty of handling wet and 
sticky ores, but this is so fundamental a fault of mechanical sampling 
that it is questionable as to how accurate the sampling of wet and 


FiGurE 16.—Brunton oscillating time sampler. <A, position of sample spout when ore is going to reject; 
B, position when ore is going to sample. 


sticky ores is by any system that employs much spouting. How- 
ever, the construction of this machine and the accessibility of its 
parts make it possible, by using plenty of manual labor, to keep the 
ore moving and the sample spouts clean. The principal attention 
required is to keep the edges of the sample spout in good repair, in 
order that clean cuts may be made through the stream of ore and in 
order to prevent pieces of ore from bounding across the partitions. 
In a few plants negligence was noted in this matter, several of the 
partitions being more than half worn away. As in all mechanical 
devices, the clearance between the bottom of the delivery chute and 
the top of the sample spout must be ample to prevent clogging. 
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SYNCHRONISM IN MECHANICAL SAMPLERS. 


When two or more sampling machines are operated as a train, there 
is necessarily a constantly recurring cycle of their relative positions. 
For instance, if two horizontally rotating machines are so placed that 
one is directly beneath the other, and are given the same speed of 
rotation, the sample spouts will always keep the same angular dis- 
tance apart. If the machines are given different speeds, the sample 
spout of one will catch up with and pass that of the other with a 
regularity like that with which the minute hand passes the hour hand 
of a watch. If no means of converting the sample from the first 
machine into a steady flow have been interposed it will strike certain 
points on the second with clocklike regularity. If the machines 
revolve at the same speed, the sample spout of the second machine 
may be so placed that all, a part, or none of the ore delivered by the 
first sampling spout will fall into the sampling spout of the second 
machine. If they have different speeds, this will still occur, but only 
during certain calculable periods. On account of the intervening 
rolls, chutes, and hoppers of the ordinary mill, error from this cause 
is remote. But instances were noted by the writer where it was 
probable that this synchronism had been the cause of otherwise 
inexplicable differenc¢és between samplings and resamplings, as well 
as the reason for large differences between the calculated and the 
actual weights of the sample. To illustrate this condition, reference 
is made to the following table containing data collected while the 
author was examining a certain plant. 


Examples of synchronism in sampling machines. 


FIRST COUNT. 


Sastre chs apace ceangce stacy 510 16144143143 64181 
een scek assests ees ciset Oo Var de ay Abe a BC de ob. 
Bees vaadatagingaSigeicss cage 4D Bods Fd AO SY 
Ristecessaecadessansece ess 1316317165165 
SECOND COUNT. 

Dear asdeuessacssesesashaes 1-4 26 1°68-1°6' f TF D6 1 
Hog cS ciciceis wergacran shears Doe De De Web EA be Sk vb 
Be vssdessathessamarnegussd 6141418119683 641 
IRs aisiate hans a Sewelebinnsiee cists DM Are ED od 56 5117 
Si as Hc debs sckatenetacies 41614144141 

Riianspsiyeae deeatasigsigahs Low Ob. AP i hk 1D 


In this table the figures in the upper row, designated “S,” repre- 
sent the number of consecutive samples from the first machine that 
passed partly or entirely into the sample spout of the second machine. 
The lower row of figures, designated “R,’? represent the number of 
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consecutive samples from the first machine that passed entirely into 
the reject compartment of the second machine. The counting was 
continuous in each of the two examples, and a figure in the ‘R’’ row 
follows the figure immediately above it in the ‘‘S”’ row, then the next 
figure in the ‘S”’ row is counted. For instance, in the first example 
the sequence is S-5, R-5, S-10, R-1, S-1, R-5, and so on. 

The value of any sample portion lies entirely in its being so fed to 
the following machine that a certain portion of it shall continue to 
the ultimate sample. If even a single sample from the first machine 
passes entirely into the reject of the second machine, the effect of 
that particular sample portion is absolutely lost, and as far as it 
affects the final sample it might as well have been left in the mine or 
have been hurled at once into the reject of the first machine. It 
evidently is not theoretically correct to permit as many as seven or 
more consecutive samples from one sampler to fall wholly into the 
reject of the following sampler. 

On the large lots of ore handled by this particular plant this sys- 
tem may, by a remarkable averaging of results, give correct or at 
least undisputed samples. Several instances were noted at other 
plants where a similar condition seemed to exist, but owing to the 
housing and other machinery surrounding the samplers it was not 
feasible to get close enough to the machines to make a sufficiently 
accurate counting. 

Contrary to the opinion of many, intervening rolls alone do not 
delay the ore sufficiently to entirely correct this error. Mills have — 
been entirely reconstructed to avoid this condition. An elevator 
eliminates much of the trouble and the continuous delivery of the 
Chas. Snyder sampler lessens it, but the better system is to inter- 
pose between the samplers a hopper, a revolving barrel, or a shaking 
tray. Many plants have adopted one or more of these systems, 
partly with this object in view, and partly as incidental to an attempt 
to mix the ore. For instance, 8 plants use the barrel mixer, 19 use 
the shaking tray, and 6 use both systems, whereas 14 use neither the 
barrel nor the tray. 

Flow sheet 19 shows a system that avoids any possibility of syn- 
chronism by collecting in a hopper the entire lot or sample after 
every separate crushing or sampling operation. 

The barrel mixer delivers the ore in a steady stream, and, if fol- 
lowed immediately by a correctly built sampling machine, is a satis- 
factory device for this purpose. Instead of being a mixer, however, 
it will be found that there is a decided tendency for the coarser 
particles to separate from the finer and to remain nearer to the lower 
part of the barrel. If the barrel mixer is followed by a set of rolls, 
the coarser and harder particles tend to fall on a certain part of the 
rolls, causing uneven wear and nonuniform product. 
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The shaking tray has an advantage over the barrel mixer in that 
it combines with the delaying of the ore a feed that is steadier and 
of such width as may be desired. It may thus deliver the ore in a 
comparatively thin stream over the full width of the rolls following 
it, or if equipped with diverting wings will guide the ore to that part 
of the rolls showing the least wear, thus helping to keep them in 
good condition. The steady hum of the mill fully equipped with 
shaking trays is quite noticeable, as all the rolls receive a steady and 
uniform feed and are free from the jolting that results from suddenly 
receiving an excessive load after running several seconds or minutes 
on no load. Some mills have adopted the plan of placing in the 
shaking trays a device similar to a rake, which is occasionally in- 
spected to prevent the passing of nuts, bolts, or even parts of a stick 
of dynamite that may have been left in the ore. 


FINAL WORK. 


The final work includes the drying, grinding, and sacking of the 
sample after it has reached the bucking room. At this stage of the 
process the size of the largest particle is planned to range from one- 
eighth to one-half inch in diameter and the weight of the sample 
from 25 to 500 pounds, the more common weight in hand-sampling 
mills being 200 pounds and in mechanical mills 100 pounds. When 
the weight is within the required limits the sample may be imme- 
diately placed on the drier, but it is frequently necessary to still 
further reduce the quantity at this point. At 22 of the plants 
inspected this was accomplished by coning and quartering methods 
similar to those previously described; one plant used the flat riffle 
commonly seen in assay offices, and in 24 plants the Jones riffle was 
used, in which the plane of the riffles is set at an angle of about 45° 
with the horizontal. This riffle is placed over a deep pan, and, as 
the ore falls on the riffling edges, one-half drops into the pan and 
the other half slides through the riffle chutes into a similar receiving 
pan; this process is repeated as often as necessary to reduce the 
sample to the desired size. Many plants are using a modification of 
this device called the Brunton riffle, shown in Plate III, D and £, 
which is similar to a double, heavily built Jones riffle. The ore is 
fed on horizontal dividing edges from which chutes lead alternate 
streams to pans placed on either side of the riffle. The importance 
of the work at this point is not always properly appreciated, it being 
too often taken for granted that a riffle will do accurate work no 
matter how it is built or how much it is neglected. Many riffles are 
made of very light material, in which case the chutes are rarely in 
alignment, or may have the cutting edges so bent, cracked, or even 
broken that it is problematical what proportions are being taken for 
the sample. In some of the riffles examined the chutes were entirely 
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broken from their fastenings, permitting the fine ore to sift through 
to the floor or into the wrong receptacle. It was often observed that 
in riffling the ore was fed so fast that many of the divisions were 
completely clogged during a part or all of the process, and therefore 
these chutes were not doing their proportion of the work. Experi- 
ments have shown that it is possible to affect intentionally the 
sample one way or the other while riffling, even when the ore is of 
the fineness usual at this stage of the operation. Therefore, every- 
thing possible should be done to furnish the operator with a correct 
riffle and rigid instructions regarding its use. 

In nine plants the Brunton one-fifth shovel or one-half shovel was 
used, either exclusively or in combination with 
other methods, for reducing the size of the sample. 
Figure 17 illustrates the quarter shovel. The 
one-half shovel is similar but has seven instead of 
three divisions. When this shovel is used the 
sample is coned or thrown into a more or less 
regular pile or may be left on the floor just as it 
falls from the delivery car or barrow. The shovel 
is then pushed into the pile until the compart- 
ments are as full as desired, then removed and 
tilted backward and downward toward the handle 
to allow the one-half, or four-fifths, as the case 
may be, to slide from the back of the shovel into 
the reject pile. Then the sample portion may be 
thrown upon a special pile. This is a rapid and 
fairly accurate method of cutting down the 
sample. However, with an ore of very high 
grade, the one-fifth shovel may introduce an 
error in the following manner: The natural way 
for a shoveler to work is to push tho shovel ra- 
dially into the pile. When the shovel is handled 
in this way, especially as the center of the cone 
is approached, the central compartment will get eater ae 
an undue proportion of the fine ore and the : 
two outer compartments will get a corresponding excess of the coarse 
ore. It was to overcome this tendency that the one-half shovel was 
substituted, and with its proper use the probability of error is negli- 
gible. Owing to the size of its compartments, the Brunton shovel 
should not be used on lots of 50 pounds or less, and in the case of 
high-grade ores it is questionable whether it should be used after the 
sample has been reduced to 100 pounds. Nevertheless, instances 
were noted where samples containing pieces of ore one-half inch in 
diameter were fifth shoveled down to 10 pounds. 
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DRYING. 


The sample, which has been reduced to 2 to 50 pounds, is dried. 
This is accomplished by steam plates in 5 plants, by steam coils in 36 
plants, and by electric current in 4 plants. 

The steam plates are iron boxes through which steam circulates, 
and are either installed in the open or in an inclosed room. The top 
or drying surface has an area of 6 to 20 square feet and is with or 
without raised edges. The sample is spread over this surface and 
left until dry. 

The steam coils are built in a number of ways, the more common 
being an inclosed brick closet in which the shelves are a series of coils 
of pipe through which the steam circulates. The sample is placed in 
pans on the coils forming the shelves. 

The temperature of steam driers is supposed to be a little above the 
boiling point of water for the altitude of the locality. In afew plants 
a record was kept of the temperature, either directly by thermometers 
or indirectly by the steam pressure, but in most of the plants no 
records seemed to be kept and the sample was, therefore, dried at 
whatever temperature the steam happened to be. Owing to the 
length of time that the sample is generally left on the drier, this lack 
of regularity in temperature may not be a serious matter, except with 
ores containing a large proportion of hydroscopic minerals, from 
which the percentage of water removed varies with the temperature 
of the drier. The importance of temperature on this class of ores 
will be apparent after reading the discussion regarding the moisture 
sample on pages 53 to 5/7. 

Electric coils, where used, are placed in a tightly built compartment 
and pans containing the sample are placed over the coils on steel 
supports. The temperatures are indicated by thermometers, and at 
two plants a special device controlled the temperature automatically 
by shutting off the current when the desired temperature was reached. 

In some plants the ore is not sufficiently dried and reaches the 
assayer and chemist in this condition. If the moisture sample is 
dried in an exactly similar manner, the only error, so far as the sale 
of the ore is concerned, arises from the liability of slight explosions of 
steam during assaying. However, the moisture sample is often dried 
on a separate and hotter drier and is rarely removed therefrom while 

it still contains water. If the assayer does not redry the pulp, and 
weighs it while it is slightly damp, the results of his work will be low 
in proportion to the amount of water contained in the sample and, 
the value of an ore being calculated on the dry weight as determined 
by the moisture sample, the seller will not be credited with the full 
amount due him. 

The drying of easily oxidized sulphide ores is a troublesome opera- 
tion with any form of drier. In some plants, although the tempera- 
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ture of the drier was not excessive, the sulphur eliminated from the 
sample made the whole room unpleasant. If this roasting adds an 
appreciable amount of oxygen to the sample, the assay will be corre- 
spondingly low and, should the sample lose more sulphur than it gains 
oxygen, the assay will be high. 


FINAL GRINDING. 


The sample, after being dried, is ground fine enough to pass a 40 or 
60 mesh screen. Twenty-seven plants use the cone-and-ring grinder 
for this work, six use the disk grinder, four use the cone-and-ring and 
disk grinders, one uses a combination of the disk grinder and rolls, 
and five use all three of the grinding devices mentioned. Advantages 
are claimed for each system, but all are satisfactory if the devices are 
constructed of the proper material and are kept in good repair and do 
not permit the loss of dust. 

There is a wide difference in the specifications of the iron for the 
grinding surfaces. If they are made of very hard iron they soon take 
a polish which causes them to grind very slowly and for that reason a 
medium hard iron is specified. On the other hand, if the iron is too 
soft, the parts will lose an appreciable amount of iron, thereby render- 
ing the sample incorrect; for instance, if the grinder loses one-fourth 
of a pound of iron in grinding a 25-pound sample of ore, the results of 
the assay will be approximately 1 per cent low. Also a soft-iron 
grinding surface will take up some of the metallic gold or silver, if the 
sample contains any, and may in this way cause a more serious error 
than through the addition of iron to the sample. This danger is so 
well recognized by operators that it is customary to clean the grinder 
by putting through it barren quartz or slag in order that the enriched 
surface may be ground from the cones and rings. In some plants a 
part of the sample is used for cleaning and in one case fully one- 
quarter of the sample was thus used and thrown away. This practice 
can not be recommended. Another condition noted was the number 
of holes in the grinding surfaces, which were sometimes one-fourth of 
an inch in diameter and numbered as many as five in the same cone. 
It is evident that these holes should be thoroughly cleaned after each 
grinding, but instances were observed where this was perfunctorily 
done, with a probable loss from one sample and enriching of the next. 
A not uncommon practice is to fill these holes with Babbitt metal. 
This practice is inadvisable, as the softer metal may collect some of the 
metallics (particles of metallic gold, silver, or copper) from the ore. 
Several plants have adopted the plan of immediately discarding a 
cone or ring the moment that a small hole appears and of never using 
a ring or cone for grinding low-grade ore after passing through it a 
high-grade ore. That the iron will take up metallics has been proven 
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by the results of assays made upon the previously barren cleaning 
materials. 

After final grinding, further reduction in the weight of the sample 
may be accomplished, if desired, by some of the methods previously 
described under coning and quartering or rifling. In 24 of the plants 
visited this reduction is to an approximate weight, or to such a 
quantity as seems to the operator to be sufficient for the final samples 
required. In 11 of the plants it is required that the sample, after 
final reduction, shall weigh an exact amount, usually 12 ounces. 
This reduction is generally accomplished by reriffling the first re- 
jects or mixtures of the rejects and the sample until the required 
weight is obtained. 

SCREENING. 


The sample is next passed through a brass, bronze, or copper 
wire sieve, varying from 80 to 200 meshes to the linear inch. These 
are the extreme sizes, the more common being either 100 or 120 
mesh. In some plants the mesh used depends on the grade or char- 
acter of the ore. For silver ores of medium grade it is the custom 
to use 80 mesh; for high-grade silver or low-grade gold ores 100 
mesh; and for high-grade gold ores either 120, 150, or even 200 mesh. 

In the last few years there has been a great advance in the manu- 
facture of wire screen cloth, and it can now be obtained in guaran- 
teed quality, both as to accuracy of the mesh and freedom from 
missed wires. Nevertheless, many of the plants use a cheaper and 
unreliable quality. Sereens were noted that had several missed 
wires for their full diameters and others had wires crowded to- 
gether, giving openings that were twice as wide as called for by the 
standard mesh. The better screens were so accurately made that 
there was no place for part of the sample to collect and enrich the 
next sample, but others had loose-fitting frames containing many 
crevices that formed lodging places for ore and, on the whole, had a 
generally abused and neglected appearance. Small holes in screens 
may be closed with a drop of solder, but the safer course is to discard 
the entire screen as soon as a hole appears. One hole often indicates 
a general weakness and, if succeeding holes are repaired with solder, 
there will be such a quantity that some of the metallics in the ore 
may be ground into it. 

The resulting oversize is reground by a number of methods; 22 
plants use the bucking board alone, and 13 plants regrind until 
all the sample passes through the screen, regrinding the oversize and 


@ For a discussion of the effects of variations in sieves on the results of sieving, see Stratton, S. W., 
Specifications for and measurements of standard sieves, Circular 39, Bureau of Standards, 1912, 14 pp.; 
Pearson, J.C.,and Rudolph, R. J., Variations in results of sieving with standard cement sieves, Tech. 
Paper 29, Bureat of Standards, 1913, 16 pp.; Standardization of No. 200 cement sieves, Tech. Paper 482, 
Bureau of Standards, 1914, 51 pp. 
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using the bucking board for the last obstinate fraction. Mechanical 
power was used for operating the screens in 3 plants and mechanical 
bucking devices in 2 plants, but in all others visited both the screens 
and the bucking board were operated by hand. 


USE OF WASHERS AND BRUSHES. 


It is the general practice to place one or more iron washers in the 
screen with the sample to break up the lumps that form even in a 
dry sample. In several plants a stiff paint brush was used in addi- 
tion to the washers, which resulted in an added danger of enriching 
a following lot or of causing loss from dust. Both the washers and 
the brush aid in forcing the particles through the meshes of the screen. 
It is not wise to overdo this forcing, as it may cause long wires of 
metallic gold, silver, or copper to pass through the meshes before 
they are properly broken up. Such samples give very erratic re- 
sults when assayed and are a prolific source of trouble to the assayer. 

In Plates IV and V are shown photomicrographs of two slides made 
from gold ore pulps from commercial samples, in which the wires and 
plates can be plainly seen. Everything showing black in the illus- 
trations is gold, as the other material was removed by acids before 
the slides were mounted. Some of the gold was rolled into irregular 
cylinders as much as 0.03 inch in length, although the mesh of the 
sieve used had openings less than 0.004 inch. It has been calculated 
that, if the assayer weighed into his first crucible one more of these 
wires than he weighed into the second crucible, the difference in the 
assays reported would be over one-half ounce of gold per ton. 

With ore containing metallics the only safe course is to discard 
the washers and take the time necessary to put the pulp through the 
screen by shaking. It required persistent use of washers to force 
through the 120-mesh screen the hook of gold showing in the upper 
right hand corner of Plate V, B, and the long wire near the upper 
left-hand corner of the same figure. 


TREATMENT OF METALLICS. 


It sometimes happens that material which it is impracticable to 
grind sufficiently fine to pass the screen remains on it. This residue 
may consist of pieces of steel, iron, or parts of copper detonating caps, 
but it often contains pieces of gold, silver, or copper belonging to the 
ore and frequently so malleable that they persist in the form of wires 
or plates. These are called ‘‘metallics” and are given special treat- 
ment. The stcel or iron is removed by a horseshoe magnet and, if 
the operator has sufficient confidence in his judgment, he may pick 
out and throw away the pieces of copper cap; however, the following 
plan is safer and is the one generally adopted: After all the more 
friable material has passed through the screen, the fine ore is carefully 
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weighed. The metallics are then carefully collected and wrapped in 
a piece of glazed paper which is placed in a separate sack and sent to 
the assayer with the sample of fine ore. The assayer then makes 
separate assays upon the fine ore and the metallics and from the 
weights of each he calculates the assay of the total sample. Instances 
were noted where this obstinate residue was discarded and so was not 
represented in the assay. This does not always work to the dis- 
advantage of the seller as, in some instances, the residue has been 
proven to consist of barren material. Therefore, the only safe pro- 
cedure is to take the time necessary to grind everything sufficiently 
fine to pass the screen or else consider the residue as metallics and 
treat it as described above. 


MIXING THE PULP. 


The finely ground sample is called the pulp. Seven of the plants 
visited used the so-called Anaconda mixer, which mixes the pulp 
in a cubical box by rotation about a horizontal axis which passes 
through diagonally opposite corners of the box. This apparatus 
is giving general satisfaction, it is easily cleaned, and does away 
with the personal equation. Four plants pour the pulp in a steady 
stream on the center of a rapidly whirling gold pan, repeating the 
process several times. Three plants cone and quarter the pulp, either 
on a glass plate or on a bucking board. One mixes the ore by turning 
it over several times with a spatula on the bucking board. Twenty 
“roll” the pulp either on ollcloth, manila paper, or on a special glazed 
paper. This ‘‘rolling” is an indescribable process, and must be done 
correctly or segregation of the particles is sure to occur. 

All of these systems may prove satisfactory if the final division of 
the pulp into separate samples is properly performed. In other 
words, while the mixing may be done carelessly or under an im- 
perfect system, this may have no effect if the proper system is adopted 
for the final division. 


DIVIDING THE PULP SAMPLE. 


Several methods of dividing and sacking the pulp sample are in 
use. Twelve plants cone the pulp on a bucking board, a rolling 
cloth, or a special rubber sheet, flatten the cone into a cake and, by 
means of a small rectangular piece of tin, divide the cake into as 
many sectors as is required. Lach of these portions is then put into 
a paper sack. Twelve plants spread the pulp into a roughly outlined 
circular cake, or draw it into a long ribbonlike pile, and then fill the 
various pulp sacks by taking portions from the pile at random with 
aspatula. In both of the above systems results may be affected by 
the personal equation of the workman and, in case the pulp has not 
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been previously well stirred, or if the sweepings are not carefully 
divided, an error is possible. 

In the majority of these systems any excess of pulp is discarded, 
resulting in the throwing away of some of the fine material that it is 
difficult to pick up with a spatula or piece of tin. The extent to 
which this will affect a sample was not determined, but, in any event, 
it would be safer and have a better effect upon the workman to insist 
that all the pulp be sacked. 

Seventeen plants use the riffle for division, utilizing all of the pulp. 
The riffles used are of various forms, the more common being a small _ 
one of the Brunton type. With this system all of the pulp is quickly 
and accurately divided, it is all used and the lack of any or of thorough 


mixing is immaterial. 
One plant uses an ingenious mechanical device for this purpose. 


The pulp is fed, without previous mixing, into a rapidly revolving 
reservoir inclosed in a glass cylinder. Centrifugal force throws the 
pulp into four paper sacks attached to as many spouts leading from 
the reservoir. 


PULP CONTAINERS. 


In four plants bottles are used for holding the pulp; all the others 
used paper sacks. It is the general custom to place an inner sack, 
which is either merely folded or sealed with a paper label marked 
with an identifying name or number, in an outer mailing sack of 
heavy paper, which is usually sealed with wax. In all cases there 
is reserved, in a protected room, a sealed sample of every lot of ore, 
to be used as an umpire sample should the buyer and seller be unable 
to agree upon the assay results obtained from their parts of the 
sample. It is claimed that during its transit through the mail, or 
while standing on a slightly vibrating shelf of a mill, the pulp in 
these containers will show some concentration toward the bottom of 
the sack. Therefore, most assayers remix the pulp from each sack 
or bottle before weighing the portion for the assay charge. 


TAKING THE MOISTURE SAMPLES. 


As the payments for the ore, the treatment charges, and the mill 
and smelter operations are based on the dry weight of the ore, an 
accurate determination of the moisture in any particular lot is of 
importance. 

It is customary to determine this on several samples—two to four 
from each carload, or an equivalent weight—and the average of 
these results is taken as the total moisture content. With very high- 
grade cres there may be as many as 10 moisture samples taken from a 
single car. It is interesting to note that the large variation often. 
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occurring between individual moisture samples is generally not con- 
sidered as an impairment of the value of the final average. 

As the water in an ore is not a fixed quantity and may vary from 
day to day with the state of the weather, the moisture determination 
is one of the most difficult problems confronting a sampling plant. 
Theoretically the moisture sample, if obtained from the car, should 
be taken at the time the ore is weighed, and it is so taken in some 
plants; but in many plants it is taken during the unloading of the ore, 
regardless of the amount of time that has elapsed since the weighing. 
If the ore is received in a box car the man who is to take the sample 
waits until the unloaders have exposed fresh surfaces in each end of 
the car, when, with a small scoop, he takes from 2 to 5 pounds of 
ore from these faces, moving the scoop from the bottom to the top 
of the pile and endeavoring to get a proper proportion of the fine 
and coarse ore. He places his sample in a pail with or without a 
cover and carries it to the weighing room, 

In another method the sample is taken from one or more holes 
dug from the top to the bottom of the ore in the car. Other plants 
take a grab sample from the regular assay sample obtained by coning 
and quartering or by fractional shoveling. When ore is received in 
dump cars or fed to the crusher from bins, the moisture sample is 
taken during the unloading of the cars or while the ore is passing 
from the feed chute to the crusher. 

In taking moisture samples, as in all forms of grab sampling, 
abundant opportunity is afforded for manipulation and error. The 
scoop is driven in and out rapidly at various points on the freshly 
exposed face of the pile of ore, and if the usual narrow scoop is used 
it soon fills and coarse ore quite frequently is forced to the top of the 
scoop and falls off, leaving an undue proportion of fine ore in the 
sample. If the ore is in a box car the top inch or two will be dryer 
than the rest. If there be many pieces of ore 3 inches or more in 
diameter, it is usually not feasible to represent them in the sample. 
The tendency, therefore, is for a moisture grab sample to contain 
too much of the fine ore, which usually has the greater proportion of 
moisture. Even after ore has been crushed to 1 inch it is not unusual 
to find that the finer particles contain two to four times as much 
water as the larger pieces. Even with the most careful work, indi- 
vidual moisture samples from one car may vary from 10 to 25 per cent 
when taken by the grab system. At some plants taking the moisture 
sample is delayed until the ore or the assay sample has been crushed 
to one-fourth inch or less, when the moisture sample is taken by 
the grab, or the coning and quartering system. One plant takes the 
moisture sample at regular intervals and in small parts by a mechan- 
ical device from the reject of the last mechanical sampler. From 
the large amount so obtained a sample of the required weight is 
separated by riffling. 
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MOISTURE SCALES. 


With ordinary ores the weight taken for the moisture determina- 
tion varies from 2 to 5 pounds. Special scales are used for weighing, 
which have the beam divided as usual into pounds and ounces, and 
into per cents and decimal parts of 1 per cent in the opposite direction. 
One form of scale has a single beam with two riders, the larger rider 
indicating 1 to 99 per cent and the smaller, on an extension to the 
main beam, 0 to 1 per cent in tenths. In a later form there are two 
parallel beams of equal length, one graduated from 0 to 99 per cent 
and the other from 0 to 1 per cent in hundredths. 


WEIGHING THE WET SAMPLE. 


In weighing the wet sample an error is introduced by tho general 
custom of dumping on the scale pan a pound or two more of ore than 
is required. The excess is removed by hand from the top of this 
pile and if too much is so removed at any one time, some is allowed 
to slip back through the fingers into the pan until the scale balances. 
In taking ore from the pan, the fingers are first extended outward 
and downward over the pile in the pan and are then brought together 
to hold the ore they surround; thus the coarse part mostly remains 
in the hand while the fine slips through the fingers into the scale pan. 
This segregation is more evident near the end of the balancing, when 
the last handful has underloaded the pan and a small stream of fine 
ore is allowed to sift through the fingers until the balance is obtained. 
If the balancing is done by means of a small scoop, there is less 
danger of error at this point. 


DRYING THE SAMPLE. 


The moisture samples are dried in the same way as the assay 
samples and generally one drier suffices for both purposes. The 
time of drying varies but it is usually from 12 to 24 hours. As the 
moisture sample is ordinarily dry some time before the results of the 
assay sample are known, it is customary in nearly all plants to place 
in the drier before the end of the day shift all the moisture samples 
taken during the day and to allow them to remain there until the 
folowing morning. As the temperatures maintained are usually 
slightly above the boiling point of water, it is assumed that even in 
the case of an easily altered sulphide there is no danger incurred in 
leaving the samples in the drier as long as may be convenient; how- 
ever, a hot drier and long exposure may remove an unknown per- 
centage of the chemically combined water of certain ores. 

Reference has been made previously to the effect of using a different 
drier and length of period of drying for the moisture and assay 
samples. The correct system is to use the same drier, temperature, 
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and length of period of drying for both samples. With such pre- 
cautions, it is immaterial whether or not the last traces of moisture 
are expelled. 

MOISTURE CALCULATIONS. 


The dried sample is replaced on the same scales as is used for 
weighing the wet sample, the loss in weight of the original sample 
(moisture) being read directly, with this type of scale, from the beam 
as percentage loss in weight. When the moisture sample is taken 
from the shipment directly after weighing, the percentage of moisture 
contained in the ore is that actually shown by the scales, but when 
the moisture sample is taken from the ore after crushing, some plants 
make a correction for evaporation in the indicated percentage of 
moisture. During passage through the rock breaker and rolls and 
while passing through elevators and chutes, most ores lose some 
moisture by evaporation. To this fact is principally due the custom 
of taking the moisture sample before or during the unloading of the 
ore. To correct for this drying loss, when the moisture sample is 
taken after the crushing, several plants add an arbitrary percentage 
to the percentage actually determined. The practice in this respect 
is not at all uniform, and a plant may add various percentages, either 
because of an assumed difference in the character of the ores received, 
or because of a requirement in the contract of the sale of an ore. At 
one plant the ordinary addition is 10 per cent of the percentage of 
moisture determined, with a maximum addition of 1 per cent of water. 
For example, if the indicated moisture content was 7 per cent, the 
assumed actual content would be 7.7 per cent, but if the moisture 
content as determined should be as much as 15 per cent, the actual 
content would be assumed to be 16 and not 16.5 per cent. With 
some ores this correction is applied at all times of the year, on others 
during the winter months only, and on still others during the summer 
months only. With certain ores sampled under contract it is specifi- 
cally provided that no addition shall be made at any time of the 
year. At another plant the amount and the maximum added is 
applicable in all months of the year, with an agreement in all cases 
that no settlement shall be made on a basis of less than 1 per cent 
moisture. 

There seem to be fewer disputes and greater satisfaction at those 
plants where the moisture sample is taken from the assay sample 
after it has been crushed to one-fourth inch or less. Nevertheless 
the addition of an arbitrary percentage, when the humidity may vary 
from zero to 100 per cent, is not a precise method and is therefore 
the cause of not a little of the unexpressed dissatisfaction and sus- 
picion on the part of some sellers concerning the whole operation of 
ore sampling. The man who may discover or invent a scientific and 
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commercially feasible method of determining the moisture of an ore 
under all conditions will render a great service to the ore-sampling 


industry. 
FINENESS OF CRUSHING. 


The maximum size to which a certain quantity of ore should be 
crushed before a predetermined proportion of its weight may be 
safely taken for a sample is not uniformly agreed upon. Some plants 
have posted in their mills a table showing the minimum weights of 
sample allowable for various sizes of ore. These weights, which are 
shown in the table following, are based upon extensive experiments 
and calculations.t The weights and sizes given are for ordinary gold 
ores and it is suggested that these weights can be greatly increased 
in the case of a known low-grade silver ore. Whenever obtainable, 
the size of the crushing at various stages has been indicated on the 
different flow sheets given in connection with this paper. 


Smallest permissible weight of sample for varying sizes of crushing. 


Smallest permissible 


When crushed to— weight, pounds, 

Two inchoe:s.< Jccacags sc dorecssasssscceesseagnstaueasoes sane? 10, 000 
One and one-half inches. ...........-.. 2-22-0022 ee eee eee eee eee 5, 000 
MTOM CHS ¢ eas sho asaws a Sas artotaie Sak a aine lo bsind acpheea Be uel leees 2, 000 
Three-fourths of an inch............. 2.22.22. 2 222-222 e ee eee eee 1,000 
One-halbinch :.aaseascec ayes s sosdb¥ aces ccqnnss ows jatsese daa 400 
Three-eighths of an inch................-.---2..------ Sac heel 300 
OnefourthanGh: 22 toad asad egsss sce psaanaseoas sess shee serene 200 
Threet-sixteenths of an inch...................2...2--2-+--200--- 100 
One-eighth of an inch............2-....22-..00-2 022 ee eee ee eee eee 75 
Six+meehscsc5. o506620385558 2504. 2S5ssia2a5esacensegalabisases 50 
Men -Wesh= soccqascosdsceeccsaeecscw esas iaeseeckwsessasasebsss 25 
HightOen-Meah sso siesis 5 cei cia bic cis Sates ecigoeoselnsece meee eyesore 10 
WHITtY-MESHS = 2 ces po5ssen--g9sh- she uban FeNee Ne See aeseee 4 
Pifty-meali oscacaidaadens sestceragescacspeslntinasas are dspaxt 1 


A number of plants follow this rule closely, but the larger number 
have no set rule as to the relation between the size of the sample 
and the fineness of crushing. The general intention seems to be to 
make the preliminary crushing sufficiently fine to fulfill the require- 
ments for a 1,000-pound sample, following with one or more reduc- 
tions until a size is obtained desirable for a 25 or even 10 pound 
sample. Although in many cases this is apparently the intended 
plan, it is frequently not consistently followed. In a large number 
of plants the faces of the rolls were found to be so corrugated that 
pieces of twice the intended diameter passed through them freely, 
and in many samples weighing between 10 and 50 pounds were noted 
pieces of ore of one-fourth to one-half inch in diameter. In certain 
plants the crushing seemed sufficient for lots weighing 80 tons or 


« Brunton, D. W., Theory and practice of ore sampling: Trans. Am. Inst. Min. Eng., vol. 25, 1897, p. 826. 
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more but inadequate for the 10 or 15 ton lots that were being handled 
without any change in the setting of the rolls or machinery. 

In 15 of the plants visited by the writer the ore is screened at 
different stages, either for sampling or incidental to crushing the ore 
for roasting. Screens increase the amount of dust, are often in- 
accessible, difficult to clean, and, if used after a sample has been 
taken from the ore, increase the danger of enriching subsequent 
samples. Moreover, if rolls are kept in good condition and a suffi- 
cient margin of safety is allowed in the fineness of crushing, screens are 
unnecessary. 

As a rule, and especially is this true of custom plants, the mills 
seem to be planned to handle a certain average grade of ore and the 
crushers and rolls are consequently set for producing a product of 
a fixed size. While this may seem to be expensive, unless the grades 
of the ore are well known, it is much the safer plan. In some plants 
a preliminary one-fifth to one-half shovel sample is made with the 
silver and lower grade gold ores but omitted with higher grade or 
unknown ores. 

In custom plants where all grades, and for the most part unknown 
grades, of ore are received it is the universal practice to arrange the 
mill for the lower grades and, when finer crushing or a larger sample 
is called for, one or more of the preceding sampling machines is 
thrown out, thus passing along to the following rolls 5 to 10 times 
the usual amount of ore and keeping well within the original margin 
of safety. 

SAMPLING INCOMPLETE LOTS. 


Frequently a mine or a custom sampling plant ships a lot of ore in 
several separate cars that reach the purchaser’s sampling plant on 
different days. In order to keep the plant working steadily and to 
prevent demurrage that would accrue if the earlier received cars were 
held until the lot should be completed, it is customary in many plants 
to take from each car, as it arrives, a certain proportion to be held in 
the bin until all the cars in the lot have been similarly sampled. The 
samples so obtained from the several cars are then combined and the 
sampling carried forward as usual. This is called ‘‘part-lot sampling.” 
Except in the case of ores of moderate grade, it is unsatisfactory, par- 
ticularly as this preliminary sample is usually taken by fractional 
shoveling. If several cars are shovel sampled at the same time and 
by the same gang of men, it is possible that there may be some uni- 
formity in the shoveling and the mistakes of counting may be about 
the same in each car, whereas, if the shoveling is done on separate 
days, possibly by different men and with ore which varies in grade 
with each car, the ordinary errors of this system will be greatly in- 
creased. When the ore is sampled in this manner only at the smelter 
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or reduction plant, the existence of even a very large error may never 
beknown, as the reject in every car has been bedded and itsidentity lost. 
If, however, the ore so sampled comes from a custom sampling plant, 
any error is quickly discovered. The inherent errors of this method, 
and the endless and futile disputes arising from it, have caused certain 
custom samplers to refuse to permit its use on any but the very lowest 
grade of ores shipped by them. In some plants the part lots are held 
in covered bins, but in other plants they are piled on the floor, against 
the wall, or in open stalls, for the days or weeks necessary for the com- 
pletion of the whole lot. Many such piles were noted covered with 
dust from other piles. In view of the danger of contamination and 
the added danger of intentional salting, such storage is risky. How- 
ever, although the part-lot question is a troublesome one, at present 
there seems no feasible way to eliminate it entirely. At one time the 
suggestion was made that this trouble could be avoided by not mak- 
ing lots larger than a single carload. It was also claimed by the rail- 
roads that their system of freight tariffs made the single car lot ob- 
ligatory. But the inconvenience of this plan, the lessened capacity 
of the sampler, the extra cost of plant clean-ups, the delaying of settle- 
ments, added to the strenuous objections of the middleman, made it 
so unpopular that it was not generally adopted. 


CLEANING THE SAMPLING PLANT. 


In going through the different plants the cleanliness of some and the 
lack of cleanliness of others were very noticeable. In some of the 
plants the examination was made quickly and comfortably, but in 
others it was inconvenient even to trace the flow through the mill on 
account of the piles of ore and dust that had accumulated during 
several days, if not weeks, of sampling operations, 

In the best cared for plants, cleaning the mill is considered one of 
the most important operations and is never omitted. In plants 
where the hand method of sampling is used the sweeping of the floors 
usually accompanies the sampling operation, and the only precautions 
necessary are to properly clean the rolls, riffles, and other machinery. 
However, in mechanical sampling plants, there is always the possi- 
bility that rich pieces of ore may lodge somewhere en route and enrich 
a succeeding lot. In the best cared for plants 15 to 30 minutes are 
devoted to cleaning the mill and machinery after the sampling of each 
lot. This is an expensive process and, if the day’s business includes 
the sampling of many small lots, the loss of time is serious. It is 
worth, however, all it costs, especially from the buyer’s point of view, 
for 10 pounds of rich gold ore will raise the value of 10 tons of ore ap- 
preciably, whereas the same quantity of barren rock would make but 
an insignificant change in the assays. 
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In some plants the cleaning is done solely with brushes and brooms; 
in others compressed air is used. In either case care should be taken 
that the bulk of the ore that has scattered over the floor or around the 
the rolls and other machinery is continued along the regular route 
before the sampling machines have been stopped; otherwise, the sam- 
ple will not contain a proper proportion of these cleanings and thus 
be favorable or unfavorable to the buyer. 

There is no uniform practice in handling the ore that accumulates 
at the bottom of the elevators. At some plants the elevator boots 
are rarely cleaned; at others the bottom of the boot is dropped after 
each lot and the ore removed. These cleanings may be thrown into 
the feed of the ore passing to the next step in the sampling process or 
they may be entirely rejected and thrown into a general pile which 
is removed at some irregular period. This is generally the disposition 
made of most of the ore unavoidably scattered about the crushers 
and rolls. | 

In cleaning the finishing rolls or the various grinders it is common 
practice to put through them barren material such as sand or slag. 
The hand sieves may be similarly cleaned. This cleaning should 
remove from the machines the particles that stick to the softer iron 
or collect in any of the crevices of the machine. It is very evident, 
however, that it should be followed by a more thorough cleaning with 
a brush, compressed air, or both. 

Another plan, previously referred to, is the use of some of the 
sample itself for cleaning. With this method, a few ounces of the 
sample are put through the grinder and then thrown away, and the 
rest of the sample immediately ground with or without further 
cleaning of the machines. The idea seems to be that the part thrown 
away has removed the remnant of the preceding sample and that, 
at the worst, the succeeding sample will be contaminated only by 
that part of the ore left in the mill. Aside from the fact that the 
part thrown away belongs to the sample, it is possible that the buyer 
is unintentionally salting the ore to his own disadvantage with the 
more malleable and persistent metals of the previous sample. 


DANGER FROM DUST. 


In many sampling plants there is so much uninclosed machinery 
that dust is blown all over the mill and fills every nook and cranny. 
In other plants the wind is occasionally permitted to sweep through 
the mill, and this, together with long drops for the ore and careless 
handling, causes a cloud of dust to escape like that of a winnowing 
mill, The sweeping of the finely ground ore from the floor or open 
drier, or the yiffling at various stages, is often performed very care- 
lessly. 
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In a sampling or dry crushing mill the dust collecting on beams 
and elsewhere will generally show a slight concentration of gold and 
silver, increasing with the distance from, and especially above, the 
point of origin. On the contrary, however, weekly samplings of this 
dust in one mill, and over several years of operation, has shown that 
beyond a varying distance, this tendency is reversed and the con- 
centration decreases at a greater rate than it increased for the shorter 
distances. Therefore, carelessness in the prevention and disposition 
of this dust does not always militate one way in the sampling of an 
ore. 

In some plants the preliminary sample is carried in canvas sacks 
to the point where it receives final treatment. Owing to the diffi- 
culty of thoroughly cleaning sacks, especially if the ore is damp, this 
custom seems inadvisable. The meshes of the sack may contain 
barren rock or valuable metals, causing a robbing of one sample and 
a consequent enriching of another. Aside from this danger, cleaning 
the sacks often creates dust that may be lost or that may settle upon 
another lot. 

DANGER FROM SALTING. 


Some of the incidental causes of unintentional enrichment of 
samples have already been mentioned. There remains, however, a 
consideration of intentional enriching or salting, special precautions 
against which are necessary. Occasionally scattering ashes from a 
gold-loaded cigarette or pipe, squirting a gold solution through a 
knot hole, or adding a weighed amount of high-grade ore to the 
sample at a certain point is attempted. On the other hand, there 
occasionally crops up the sample man who puts barren sand or low- 
grade ore in a sample sieve, into a hollow bucking hammer, into a 
hole beneath the bucking board or into the framework of the grinder. 
Many pages could be written describing the schemes, both simple 
and elaborate, that have been used in the past for salting. Never- 
theless, however unbusinesslike and improbable such trickery may 
seem at modern plants, safety seems to lie only in taking adequate 
precautions against its possible occurrence. Therefore, in many 
plants the sellers, or their agents, known locally as ‘‘moochers,” are 
not allowed in any of the finishing rooms, although they are per- 
mitted to watch all the processes through glass windows from a 
comfortable room. In some plants similar precautions are taken at 
several points in the mill. It is quite usual to collect the final sample 
from a mechanical sampler in a locked hopper or car and to erect 
partitions of wire screen of coarse mesh around one or more of the 
mechanical samplers. 
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COMBINATION OF SAMPLING AND ROASTING PLANT. 


Tn a few plants the sampling and the crushing for roasting are com- 
bined. This is illustrated in flow sheets 1 and 35 (pp. 68 and 83). 
These plants crush, screen, and recrush the ore to one-half or one- 
fourth inch before the first sample is taken. Inasmuch as the ore 
to be roasted must be finely crushed, combining these mills saves the 
extra crushing equipment and extra attendance of the sampling mill 
and the expense of conveying the ore from the sampler to the crush- 
ing plant. On the other hand, the extra cost of operating a separate 
sampling plant is not altogether wasted, as it relieves the crushing 
plant of part of the work. Also, several sampling plants are not 
necessary, as one can be used for all kinds of ores, whether going to 
the roasting plant or to the blast furnace. 

From the point of view of accuracy in sampling, the separate plant 
is to be preferred, as it can be kept free from the large quantity of 
dust caused by finely crushing large amounts of ore, and, further, it 
generally has a working force trained in this special work rather than 
men who are apt to make the watching of the sampling incidental 
to obtaining low costs in the fine-crushing department. In some 
works, where it is necessary to have more than one sampling plant, 
both plants are placed under one roof, and the ore, after being sam- 
pled, is taken by belts or cars to a separate crushing plant. 


COMPARISON OF ASSAYS. 


The consideration of occasional assays or of selected instances of 
resampling is not decisive, whether the results show accuracy or 
inaccuracy. To obtain a fair idea of the processes of any plant, 
comparisons should be made for work covering a long period of time. 
In Tables 1, 2, and 3 are shown assays taken from the books of one 
large shipper of ore and covering the entire shipments to three 
buying plants for a period of approximately one year. It is the 
custom at these plants to give the seller a pulp on which he may 
make an assay. The buyer then reports the assays on which he is 
willing to make settlement, and, if the assays of the seller on the same 
pulps are within an agreed difference, settlement is made on the 
buyer’s assay. If the seller's and buyer's assays differ by a sufficient 
amount, either the same pulps are reassayed or a reserve pulp is sent 
to an umpire assayer. In each case original and duplicate samples 
are made, but the separation into these two samples is made after 
the weight of the ore has been reduced to a few hundred pounds. 
These three buying plants use fractional shoveling, coning and quar- 
tering, and three varieties of sampling machines, but as the original 
and duplicate samples and the resamples are usually made after the 
last coning and quartering this condition has no bearing on the 
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differences recorded in the tables. The tables explain themselves. 
It is noticeable that the assays of the seller are generally higher than 
those of the buyer, and some of the value of the comparisons may 
be vitiated by the tendency of the assayer to adopt, consciously or 
unconsciously, a procedure that favors his employer. 

Table 4 shows a comparison of assays on original and duplicate 
samples frpm one seller to one buyer during a period of 15 months. 
It illustrates what is being done in the way of accuracy in assaying 
and in making check samples on small amounts of ore. In this case, 
as with Tables 1 to 3, the original and duplicate samples were not 
separated until the amount had been reduced to a few hundred 
pounds, and the comparisons are not a check on the earlier sampling 
processes. The basis of final settlement for the lots in Table 4 was 
the average of both the seller’s and the buyer's assays on the buyer's 
sample. 

Tables 5 and 6 are derived from Tables 1, 2, 3, and 4. Table 4 
shows the number of times certain differences in the results of gold 
assays occurred at a custom plant. One part of this table is based 
on the difference between the assays of the original and duplicate 
as made by the buyer, and the other part is based on the difference 
between the highest and lowest of all four assays. Table 6 shows 
these differences calculated to percentages, the lowest assay being 
taken as the base, or 100 per cent. Table 7 is a summary of Tables 
5and6. In the tables O indicates original samples, and D duplicate 
samples. 


TaBLE 1.—Comparison of assays of seller and buyer on buyer's samples. 


[Gold, ounces per ton.] 


Seller's assay. | Buyer's assay. || Seller’s assay. | Buyer's assay. 
Dp oO D oO. Dd oO D 
0.92 0.87 0. 86 2. 67 2. 2.62 
1.87 1.66 1.78 2.18 2. 2.16 
1.1 1.06 1.24 2.38 2 2.32 
1.51 1.46 1. 46 2.77 2 2.66 
1.21 1,18 1.18 2.40 2 2.35 
1.58 1.52 1.54 3.28 3 3.24 
1,24 1.19 1.19 4.46 4 4.38 
2.78 2.65 2. 64 5.77 5 5.77 

| 
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TABLE 4.—Comparison of assays of seller and buyer on buyer’s samples. 


[Gold, ounces per ton. Braces indicate resamples.] 


Seller’s Buyer’s Seller’s Buyer’s Seller’s Buyer’s Seller’s Buyer’s 
assay. assay. assay. assay. assay. assay. assay. assay. 
(0) oO 
0.69 04 | 1.04 | 1.04 || 1.73 | 1.75 | 1.78 | 1.77 
78 -78 | 1.72 | 1.76 || 2.56 | 2.46 | 2.55 | 2.53 
-60 -49 | 1.50 | 1.49 || 2.35 | 2.32 | 2.38 | 2.40 
54 «20 | 1.19 | 1.17 || 2.02 | 2.03 | 1.98 | 2.01 
-67 -60 | 1.64 | 1.70 || 2.18 | 2.04 | 2.18 | 2.08 
-70 - 24] 1.30 | 1.29 || 2.47 | 2.48 | 2.52 | 2.51 
36 .53 | 1.54 | 1.55 |} 2.27 | 2.28 | 2.28 | 2,28 
49 -45 | 1.46 | 1.45 || 2.90 | 2.74 | 2.86 | 2.88 
-94 ~52 | 1.61 | 1.55 || 2.16 | 2.21 | 2.16 | 2.23 
- 86 ~22) 1.19 | 1.24 || 2.15 | 2.15 | 2.03 | 1.97 
31 -68 | 1.70 | 1.70 || 2.62 | 2.57 | 2.62 | 2.59 
.58 28 | 1.29 | 1.28 || 2.63 | 2.67 | 2.61 | 2.65 
94 49 ; 1.44 | 1.42 || 2.60 | 2.51 | 2.53 | 2.50 
50 28 | 1.33 | 1.32 || 2.06 | 2.07 | 2.03 | 2.04 
+98 06 | .98| .98 |] 2.17 | 2.24] 2.16] 218 
-58 16 | 1.11 | 1.11 |] 2.62 | 2.61 | 2.64 | 2.64 
44 -00 | 1.01 | 1.04 |] 3.48 | 3.42 | 3.41 | 3.44 
53 - 20 | 1.28 | 1.26 |] 3.57 | 3.65 | 3.55 | 3.68 
83 21) 1.11 | 1.13 i 3.62 | 3.44 | 3.42 
-78 -05 | 1.00 | .97 |I\3.33 | 3.31 | 8.34 | 3.30 
44 - 02 | 1.00 | 1.00 if 10 | 3.02 | 2.89 | 2.91 
- 88 «16 | 1.16 | 1.16 |/\3. 05 | 2.95 | 2.93 | 2.83 
74 74 | 1.75 | 1.79 |] 4.53 | 4.56 | 4.55 | 4.55 
+79 -63 | 1.74 | 1.72 || 3.77 | 3.72 | 3.82 | 3.86 
74 - 89 | 1.88 | 1.87 |] 4.02 | 3.91 | 3.96 | 3.91 


Taste 5.—Averages of results in Tables 1, 2, 3, and 4, showing the number of times 
differences of various amounts occur between the highest and lowest assay of a sample of 
ore. 
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TABLE 6.—Averages of results in Tables 1, 2, 3, and 4, showing the number of times 
differences of various percentages occur between the highest and lowest assays of a sample 
of ore. 


| * 3 Number of times ditYerence occurs. A 2 Number of times difference occurs. 
| sf 8 33 238 me ees 
s o) 5 Buyer’s assays. All assays. os g | Buyer’s assays. All assays. 
“Gs <r 
r= 
g $ a From Table— | From Table— |& 2 “| From Table— | From Table— 
oy, ota 
Ee] ES3 
Sa Sada 
A 1/;2/3)4/1/2),3)4 By 
O| 7] 6] 5] 26)....]....].... Oo} 15 
1 1}....| 14 16 |. 
2 5 1) 15 17 
3 |. 5| 4] 16 18 
4 14] 2/13 19 
5 9| 2) 9 20 
6 |. 3] 4/01 21 
24% 6| 3) 9 22 
8 |. 5{ 1] 4 23 
9 8} 1] 4 25 
4] 3] 2 26 
CS ana 28 |. 
Bi leaccleces 38 
medcleveatemea bees 40 
2:) 2 lege 41 


TasLe 7.—Summary of results in Tables 5 and 6, showing the range of differences in the 
samples at the different plants. 


Difference in highest and lowest assays. 


Results from— Ounces. Per cent. 
Buyer’s Buyer’s 
assays. All assays. assays. All assays. 
TAabIO-T 52.02 50 eco5300bes 0.02 to 0.03 | 0.08 to 0.09 lto 2 
Table 2.... ae -0S to .09 -lito .16 3to 4 
Table3.... eon. o15-to £16 -l4to .23 9 to 10 
Table 4. cecceteasscccase -Ol to .02 +05 to .06 lto 2 


A study of these tables will show how widely different plants may 
vary in the sampling of an ore from a single mine. It will also show 
that although satisfactory sampling is being done in most plants, 
nevertheless sales of ore are being made on the basis of sampling and 
of differences in assays that might have been considered grotesque 
even Many years ago. 

It would be interesting to have the details of the sampling of indi- 
vidual lots of ore at the custom samplers and the sampling of the 
same lots at the smelters and mills, and for long periods of time. 
As said before, to be of value, the comparison must be made of all 
lots and not of selected ones; of individual lots and not of averages. 
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In the following pages is presented 55 flow sheets representing the 
sampling systems used at the 48 plants investigated. As was pre- 
viously stated, some plants use more than one system and in such 
cases a flow sheet representing each system was prepared. The 
course of the sample in the finishing room is given as a separate flow 
sheet in each case. 


DESCRIPTION OF FLOW SHEETS. 


The general form of the flow sheets is a modification of that used by 
Brunton.* 

The size of elevator buckets and other facts not pertinent to this 
paper are omitted. 

Each line represents a distinct operation in the mill, the ore passing 
from the operation shown in one line to that shown in the line below 
it; where the flow of the ore is divided the different streams take the 
courses indicated by the arrows. 

The figures after ‘‘Crusher’’ show the opening and width of jaws, 
and the proposed fineness of crushing. 

The figures after ‘‘Rolls” show the diameter and width of each 
roll and the proposed fineness of crushing. 

The percentages after ‘Sampling machine” indicate the approxi- 
mate percentage taken by the machine for the sample; the number of 
pounds indicate the approximate weight of the sample at that point, 
based on an original lot weighing 100,000 pounds, unless a different 
quantity is noted near the top of the sheet. 

The word ‘‘Discard,” unless followed by one or more operations, 
indicates the elimination from further consideration of this part of 
the ore at that point. 


2 Brunton, D. W., Modern practice in ore sampling: Trans. Am. Inst. Min. Eng., vol. 40, 1909, p. 586. 
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SAMPLING-MILL FLOW SHEETS. 
FLOW SHEET 1. 


Railroad cars over hopper. 
Unloaded into hopper. 
Crusher, to 14-inch. 
Elevator No. 1. 

Rolls No. 1, 16 by 36 inches, to l-inch. 
Rolls No. 2, 16 by 36 inches, to 4-inch. 
Elevator No. 2. 

Sampler No. 1, Brunton oscillating. 


Sample, 5 per cent, 5,000 pounds. ——> Discard. 
Rolls No. 3, 12 by 20 inches, to }-inch. Revolving screen, }-inch holes, 
Sampler No. 2, Brunton oscillating. 
Oversize.<——>Size, to conveyor belt. 
Rolls No. 4, 14 by 30 inches, to }-inch. 
Sample, 20 per cent, 1,000 pounds.<—> Discard, Elevator No. 3. 
Sample bin. Revolving screen, }-inch holes. 
Coned and quartered. 
Oversize.———Size, to conveyor belt. 
Elevator No. 4, 
Returns to rolls No. 4. 
Sample, about 200 pounds.—-~ Discard. —>To conveyor belt. 
Put 1n canvas sacks. Storage bins. 
Taken to finishing room. 
See flow sheet 3 for further treatment of sample. 


FLOW SHEET 2. 


Hopper beside railroad tracks. 
Elevator No. 1. 

Revolving mixer, 100,000 pounds, 
Sampler No. 1, Vezin. 


| 
Sample, 20 per cent, 20,000 pounds.~——> Discard. 
Hopper. 
Wheeled in buggy. 
Crusher, to l-inch. 
Elevator No. 2. 
Barrel mixer. 
Sampler No. 2, Vezin. 


Sample, 20 per cent, 4,000 Snihiee Sabine: 
Shaking tray. 

Rolls No. 1, 14 by 28 inches, to ¢-inch. 

Hopper. 

Sampler No. 3, Brunton vibrating.__ 


Sample, 20 per cent, 800 pounds.~———> Discard. 
Rolls No. 2, 12 by 20 inches, to }-inch. 

Hopper. 

Sampler No. 4, Brunton vibrating.__ 


Sample, 20 per cent, 160 pounds.—~ Discard. 
Small hopper. 

Wheeled to quartering room, 

Coned and quartered. 


Sample, about 200 pounds. Discard. 


Put in canvas sacks. 
See flow sheet 3 for further treatment of sample. 
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FLOW SHEET 3. 


Rolls, 12 by 20 inches, set closely. 
Hand screen, 7-mesh. 


Size.<—————_ Oversize. 
| Returns to rolls. 
Riffle, Brunton type; original and duplicate samples separated here. 


Sample, 10 to 12 pounds————————_D scar. 
Steam drier, short time only. 

Englebach grinder. 

Riffle, Brunton type. 


Sample, about 6 pounds.— > Discard. 
Steam drier. 

Rolling cloth. 

Riffle, Brunton type. 


Sample, exactly 20 ounces. Discard. 
Hand sieve, 120-mesh. 


Size.<——_————_> Oversize. 

Rolling cloth. Bucking board. 
Returns to hand sieve. 

Coned and quartered on glass plate. 

Each quarter separately sacked. 


FLOW SHEET 4. 


Railroad tracks over bins. 

Crusher, 13 by 24 inches, to 2-inch. 
Conveyor belt. 

Hopper. 

Shaking tray. 

Rolls No. 1, 14 by 42 inches, to 1-inch. 
Shaking tray. 

Elevator No. 1. 

Inclined chute, 100,000 pounds. 
Sampler No. 1, Vezin. 


Sample, 25 per cent, 25,000 siuindace= sigan: 
Shaking tray. 

Rolls No, 2, 14 by 30 inches, to }-inch. 

Chute. 

Sampler No. 2, Vezin. 


Sample, 20 per cent, 5,000 epdnia Sai 
Shaking tray. 

Rolls No. 3, 14 by 20 inches, to }-inch. 

Inclined chute. 

Sampler No. 3, Vezin. 


Sample, 20 per cent, 1,000 stoieitstes 2 staal 
Shaking tray. 

Rolls No. 4, 12 by 20 inches, to }-inch. 

Sample hopper. 

Wheeled in buggies to 

Tron floor. 

Coned and quartered. 


Sample, about 200 pounds.— Discard. 
See tlow sheet 5 for further treatment of sample. 
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FLOW SHEET 5. 


Sample shoveled into pan. 

Riffle. 

Sample, 20 to 25 pounds«—_—————>Discard. 

Steam drier. Stored for resample. 
Grinder, vertical-disk pattern, about 44-inch. 

Rifle. 


Sample, exactly 20 ounces«————— Discard. 
Hand sieve, 120 to 150 mesh. 


Size. —___—___ Oversize. 
Rolling cloth. Grinder, disk type. 

| Returns to hand sieve. 
Riffle. 


All pulp put in four sacks. 


FLOW SHEET 6. 


Railroad cars on trestle. 
Hoppers, 500-ton capacity. 
Crusher, to 14-inch. 
Elevator No. 1. 

Small hopper. 

Grizzly shaker. 


Size.e—— Oversize. 
Rolls No. 1. 
Impact screen, j-inch mesh. 


Size. —________> Oversize. 
Elevator No. 2. Returns to elevator No. 1. 
Sampler No. 1, Vezin. 


Sample, 20 per cent, 20,000 pounds.<——> Discard. 
Barrel mixer. 
Sampler No. 2, Vezin. 


- Sample, 20 per cent, 4,000 pounds.——> Discard. 


Rolls No. 2, 12 by 20 inches, to 4-inch. 
Sampler No. 3, Vezin. 


Sample, 20 per cent, 800 pounds.«——> Discard. 


Wheelbarrow. 
See flow sheet 7 for further treatment of sample. 
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FLOW SHEET 7. 
Rolls, 12 by 20 inches, to }-inch. 


Small lot. Large lot. 
Coned and quartered once. 


Sample.<————>. Discard. 


Riffle. — _——- 


Sample, 8 to 10 pounds.——————> Discard. 
Electric dryer. Reserve sample. 
Grinder, disk type. 

Flat riffle. 

Sample, exactly 20 ounces.——> Discard. 

Hand sieve, 120-mesh. 


Size. ———___—_—_—_———_>Oversize. 

Mechanical divider. Bucking board. 

All pulp put in four sacks. Mechanically operated hammer, 
Returns to hand sieve. 


FLOW SHEET 8, 


Railroad track beside bins. 

Storage bins. 

Tramcar. 

Crusher, 15 by 30 inches, to 1}-inch, 100,000 pounds. 
Elevator No. 1. 

Rolls No. 1, 16 by 36 inches, to 1-inch. 

Elevator No. 2. 

Sampler No. 1, Vezin. 


Sample, 20 per cent, 20,000 pounds.———> Discard. 
Shaking tray. 

Rolls No. 2, 14 by 27 inches, to 4-inch. 

Sampler No. 2, Vezin. 


Sample, 20 per cent, 4,000 pounds.~——> Discard. 
Shaking tray. 

Rolls No. 3, 14 by 27 inches, to 3-inch. 

Sampler No. 3, Vezin. 


Sample, 20 per cent, 800 pounds.—_— Discard. 
Conveyor belt. 

Closed room, 

Rolls No. 4, 4 by 18 inches, to }-inch. 

Sampler No. 4, Vezin. 


Sample, 20 per cent, 160 pounds. Discard. 
See flow sheet 9 for further treatment of sample. 
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FLOW SHEET 9. 
Riffle No. 1. 


Sample, about 26 pounds. <—_—_————Discard. 
Steam drier. 

id oy zh disk type, about 30-mesh. 

Riffle N es ay 


Sample, about 25 ounces.——_—————> Discard. 
Hand sieve No. me or 150 mesh. 


Size. —_—_— ————_>Oversi 
Rolling cloth. Grinder] No. 2, disk type. 
Flattened into round cake. Sieve No, 1, again. 


Put in four sacks with spatula. Size.— Oversize. 
Excess pulp discarded. Bucking board. 
Returns to sieve No. 1. 


FLOW SHEET 10. 


Railroad tracks at side of mill. 
Shoveled to pan conveyor. 
Hopper, 100,000 pounds, 
Grizzly. 


Size.—————> Oversize. 

Shaking tray.——Crusher, 15 by 24 inches, to 14-inch. 
Rolls No. 1, 16 by 36 inches. 

Elevator. 

Revolving screen, }-inch holes, 


Size.«—__— Oversize. 

Hopper. Rolls No. 2, 16 by 36 inches. 
Round spout. Returns to elevator. 

Sampler No. 1, Vezin. 


| 
Sample, 20 per cent, 20,000 pounds.———> Discard. 
Barrel mixer. 
Sampler No. 2, Vezin. 


Sample, 20 per cent, 4,000 pounds. elt aens 
Barrow, 

Lift. 

Compound riffle No. 1, O and D samples started here. 


Sample, 124 per cent, 500 pounds.——— Discard. 


Held for reserve 
Rolls No. 3, to about 4-inch. 
Barrow. 
Lift. 
Riffle. 


| 
Sample, 50 per cent, 250 pounds.«—— Discard. 


To grinding room, 
See flow sheet 13 for further treatment of sample. 
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FLOW SHEET 11. 


Concentrates and smelters product. 
Railroad cars over beds. 
Fractional shoveling. 


Sample, 20 per cent, 20,000 ibe = shea: 
On beds. 

Piled near car door. 

Fractional shoveling. 


| 
Sample, 50 per cent, 10,000 pounds.a——> Discard. 
On beds. 
Piled near car door. 
Barrows. 
Wheeled to quartering room. 
Fractional shoveling. 


| 
Sample, 33} per cent, 3,333 pounds.a——>Discard. 
Reserve sample. 
Coned and quartered. 
Sample, about 250 pounds.«——~ Discard. 


To grinding room. 
See flow sheet 13 for further treatment of sample. 


FLOW SHEET 12. 


Railroad cars in ore house, 100,000 pounds. 
Fractional shoveling. 


iat ies 10 or 20 per cent, 10,000 or 20,000 pounds.e<—— Discard. 


Wheeled to beds. 


Barrows. e 
Crusher, 7 by 14 inches, to 14-inch. 

Elevator. 

Revolving screen. 


Size.<————> Oversize. 

Hopper. Rolls, 15 by 27 inches, to about }-inch. 
Returns to elevator. 

Sampler, Vezin. 


| 
Sample, 20 per cent, 2,000 or 4,000 pounds.—_-> Discard. 
Hopper. 
Compound riffle. Original and duplicate samples started here. 
Sample, 12} per cent, 250 or 500 pounds.——H+—> Discard. 
Barrow é 


To grinding room. 
See flow sheet 13 for further treatment of sample. 
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ORE-SAMPLING CONDITIONS IN THE WEST. 


FLOW SHEET 13. 


Grinding room. 
Drier, steam-plate type. 
Portly dried. 
Swept into barrow. 
Grinder, Englebach type, to about 10-mesh. 
Riffle No. 1. ee 
| 


Sample, about 20 pounds.————__—__>D iscard. 
Through funnels into buckets. 

To bucking room, 

Steam drier. 

Grinder, Englebach type, to 30 or 40 mesh, 

Ritlle No, 2. 


Sample, 50 per cent.——————————> Discard. 
Rifle No. 3. | 


Sample, 50 per cent.—_—————> Discard. 
Riflle No. 4, 


Sample, exactly 20 ounces. ——\———>Discard, 
Hand sieve, 80 to 150 mesh. 


Size.-——— Oversize. 
Bucking board or disk grinder. 
Returns to hand sieve. 
Mixed and coned on bucking board. 
Flattened into cake by sieve bottom, 
Marked in six sectors. 
All pulp put in six or three sacks. 


FLOW SHEET 14. 


Railroad cars to beds, where one-tenth is separated by shoveling. 
or 

Railroad to crushing plant (see flow sheet 16). 

Cars containing one-tenth set beside sampling mill. 

Crusher, LO by 20 inches, to 14-inch. 

Inclined chute. 

Sampler No. 1, Vezin. 


Sample, 20 per cent, 2,000 pounds.————> Discard, 
Inclined chute. 

Rolls No. 1, 16 by 40 inches, to j-inch, 

Chute. 

Elevator. 

Impact screen, variable mesh 


Size.<————> Oversize. 


Rolls No. 2, 14 by 27 inches, } to 4 inch. 
Returns to elevator. 


Sample, 20 per cent, 400 pounds.«———————Discard. 
Barrow. 
Wheeled to quartering room. 
If necessary, entire sample is dried. 
Coned and quartered. | 
Sample, about 400 pounds.—W—————> Discard. 
Held as reserve. 
See flow sheet 18 for further treatment of sample. 
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FLOW SHEETS OF PLANTS INVESTIGATED. 


FLOW SHEET 15. 
Railroad cars near beds where ore is fractional shoveled. 


or 
From crushing plant (see flow sheet 16). 
Cars containing one-tenth placed beside mill, 10,000 pounds. 
Crusher, 13 by 24 inches, to 14-inch. 
Rolls No. 1, 16 by 40 inches, to }-inch. 
Elevator No. 1. 
Impact screen, from 1 to j inch. 


Size.<——————> Oversize. 
Rolis No. 2, 14 by 27 inches. 
Returns to elevator No. 1. 
Sampler, Vezin. 


| 
Sample, 10 per cent, 1,000 pounds.————>Discard. 


Lot complete..<————>Lot. incomplete. F urrther sampling desired. 


Barrow. Elevator No, 2. Elevator No, 2. 
Wheeled to quartering room. — Barrow. Platform near crusher. 


Storage bins. 
Coned and quartered. 


Sample, about 400 pounds.—~ D iseard. 
Reserve sample. 
See flow sheet 18 for further treatment of sample. 


FLOW SHEET 16. 


For large lots. 

Railroad cars beside bins. 
Tram car. 

Lift. 

Crusher, 3 to 5 inch. 
Conveyor belt, inclined. 
Sampler, Vezin. 


Sample, 10 per cent.a———> Discard. 

Barrow. 

Storage bins. 

Loaded into railroad car. 

Switched to sampling mill. 

See flow sheets 14 and 15 for further treatment of sample. 


FLOW SHEET 17. 
Concentrote- plete wont, 
Steam-heated drying room for concentrates. 
Fine concentrates, Coarse concentrates, 
Sampling mill.——>Coned and quartered. 


Fractional shoyeled.<——— 


Sample.———> Discard. 
Dried, if necessary. 
Coned and quartered. 


Sample, about 16 pounds.—~———>Discard. 
See flow sheet 18 for further treatment of sample. 
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ORE-SAMPLING CONDITIONS IN THE WEST. 


FLOW SHEET 18. 


Sample from quartering floor. 

All dried, if desired, 

Hopper No. 1, flush with floor. 

Electric crane hoist. 

Rolls, 12 by 40 inches, to $-inch. 

Barrow. 

Returned to hopper No. 1 again. 

Returned to electric crane hoist again. 

Riffle; original and “pee samples started here. 


Sample«— ——————————D ica. 
Returned to hopper No. Land reriffled until 

Final sample is about 16 pounds, 

Grinding room. 

Steam drier. 

Grinder, Englebach type, to about 60-mesh. 

Revolving mixer, Anaconda type. 

Riflle. 


Sample, exactly 20 ounces.—_—_————> Discard. 
Hand sieve, 80 to 200 mesh. 


Size.<_]—A A _——cooveriize. 


Revolving mixer again, Bucking board. 
Coned and quartered on rubber sheet. Returns to hand sieve. 


All pulp put in four sacks. 


FLOW SHEET 19, 


Railroad cars at side of mill, 100,000 pounds. 
Ore contains in gold 


Over 24 ounces.e<——>2} ounces or less. 
Fractional shoveled. 


Sample, 20 per cent, 20,000 pando 2 olatent 
Crusher, to 1-inch.<——C enter of car. Beds. 
Rolls No. 1, to #-inch. 
Elevator No. 1. 
Revolving screen No. 1, }-inch mesh. 


Size. — Oversize. 

Hopper No. 1. Returns to elevator No. 1. 
Hopper No. 2, entire lot held here. 

Mill cleaned. 

Elevator No. 1. 

Revolving screen No. 1. 

Hopper No. 1. 

Sampler No. 1, Vezin. 


| 
Sample, 20 per cent, 4,000 pounds. ————> Discard. 
Hopper No. 3, entire sample held here. 
Mill cleaned. 
Passed again through sampler No. 1, if desired. 
Elevator No, 1. 
Hopper No. 1, entire sample held here. 
Barrows. 
Lift No. 1. 
Compound riffle; original and duplicate samples started here. 


Sample, 12} per cent, 800 pounds.————> Discard. 
Barrows. 

Lift No. 1. 

Wheelbarrows. 
To another part of mill, 

Rolls No, 2, to $-inch. 

Wheelbarrows. 

Riffling room. 

see flow sheet 20 for further treatment of sample. 
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FLOW SHEET 20, 
Riffle, ore about 3-inch mesh. 


Sample, about 20 pounds.<——~>Discard. 
Steam drier. 

Grinder, Englebach type. 

Riffle. 


| 
Sample, 2 to 4 pounds.«———> Discard. 
Hand sieve, 120 or 150 mesh. 


Size. ——_______—_—_——>Oversize. 

Mixed on glass plate with spatula. Bucking board. 
Returns to hand sieve. 

Flattened into thin cake. 

Part put in four sacks with spatula, balance discarded. 


FLOW SHEET 21. 


Cars on trestle. 

Dumped or shoveled into bins. 

Crusher No. 1, 10 by 20 inches, to 2-inch. 
Conveyor belt. 

Elevator No. 1.____ 


All to be sampled.a——>Coarse only to be sampled. 
Revolving screen, $ or 3-inch mesh. 


Inclined chute.«——— Oversize.e———S ize. 
Belt conveyor. 
Storage bins. 
Sampler No. 1, Snyder. Pas 
Sample, 25 per cent, 25,000 pounds.———> Discard. 
Elevator No. 2. 
Crusher No. 2, to 14-inch. 
Sampler No. 2, Snyder. 


| 
Sample, 20 per cent, 5,000 pounds.— > Discard. 
Rolls No. 1, to ?-inch. 
Sampler No. 3, Snyder. 


| 
Sample, 16} per cent, 833 pounds.——> Discard. 
Rolls No. 2, 10 by 24 inches, to }-inch. 
Sampler No. 4, Snyder. 


| 
Sample, 16% per cent, 139 pounds. ——> Discard. 
Through canvas spout. 
Bucket. ~ 
Bucking room. 
See flow sheet 23 for further treatment of sample. 


FLOW SHEET 22. 


High grades and concentrates, 50,000 pounds. 
Unsacked in railroad car. 
Fractional shoveled. 


Sample, 20 per cent.—+——> Discard. 
Bins. 

Quartering room. 

Coned and quartered. 


| 
Sample, about 200 pounds.n——>Discard. 


See flow sheet 23 for further treatment of sample. The whole lot is resampled the 
following day; on each sample there are 10 assay buttons made. 
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ORE-SAMPLING CONDITIONS IN THE WEST. 


FLOW SHEET 23. 
Riffle No. 1. 


Sample, about 10 pounds.a——>Discard. 
Held as reserve. 
Steam drier. 
Grinder, Englebach type, about 40-mesh. 
Rifle No; 2. 


Sample, about 25 ounces.———>Discard. 
Hand sieve, 100, 120, and 150 mesh. 


Size.e-——> Oversize. 
Grinder, disk type. 
Returns to hand sieve. 
Rolling cloth. 
All pulp riflled to four parts. 


FLOW SHEET 2. 


Railroad cars over hopper. 

Unloaded into hopper. 

Shaking tray. 

Crusher, 10 by 20 inches, to 14-inch. 
Elevator No. 1. 

Sampler No. 1, Brunton oscillating.__ 


Sample, 20 per cent, 20,000 pounds.~——> Discard. 
Shaking tray. 

Rolls No. 1, 15 by 36 inches, to 1-inch. 

Shaking tray. 

Elevator No. 2. 

Sampler No. 2, Brunton oscillating. 


Sample, 20 per cent, 4,000 pounds.——>Discard. 
Shaking tray. 

Rolls No. 2, 15 by 36 inches, to 4-inch, 

Sampler No. 3, Brunton oscillating. 


Sample, 20 per cent, 800 pounds.<———> Discard. 
Shaking tray. 

Rolls No. 3, 10 by 20 inches, to }-inch. 

Sampler No. 4, Brunton oscillating. 

Sample, 20 per cent, 160 pounds.-———>Discard. 
Shaking tray. 

Rolls No. 4, 8 by 12 inches, to $-inch. 

Sample bin. 

See flow sheet 25 for further treatment of sample. 


FLOW SHEETS OF PLANTS INVESTIGATED, 79 


FLOW SHEET 25, 
Riffle, Brunton type. 


Sample, from 25 to 40 dts! aa 
Moisture sample taken here, 
Put in covered cans. 
Taken to bucking room. 
Steam drier. 
Grinder, Englebach type, 4y-mesh. 
Riffle, Brunton type. 


Ran pe 3 to 4 pounds.ea—_———_____, Discard. 
Hand sieve, 100, sa and 150 mesh. 


Size. Oversize. 
ailing cloth. Bucking board. 
All pulp riffled into four to ten sacks. Returns to hand sieve, 


FLOW SHEET 26, 


Cars on trestle over bins. 

Unloaded into bins. 

Conveyor belt. 

Shaking grizzly. 

Crusher No. 1, 12 by 24 inches, to 24-inch. 
Conveyor belt. 

Elevator No. 1. 

Sampler No. 1, Brunton oscillating. 


| 
Sample, 20 per cent, 20,000 pounds.<——_>Discard. 
Shaking tray. 
Crusher No. 2, 10 by 20 inches, to 14-inch, 
Sampler No. 2, Brunton oscillating. 


Sample, 20 per cent, 4,000 Soidis ea oie: 
Shaking tray. 

Rolls No. 1, 12 by 48 inches, to }-inch. 

Sampler No. 3, Brunton oscillating. 


Sample, 20 per cent, 800 pounds.<————_5D iscard. 
Shaking tray. 

Rolls No. 2, 15 by 26 inches, to 4-inch. 

Sampler No. 4, Brunton oscillating. 


Sample, 20 per cent, 160 pounds.e«——— Discard. 
Sample bin. 

Trammed to cutting room. 

See flow sheet 27 for further treatment of sample. 
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FLOW SHEET 27. 


From sample bin. 
Tron plate. 
Brunton one-half or quarter shovel. 


Sample, about 150 pounds,.——— Discard. 
Riffle No. 1. 


Sample, about 40 pounds.—¥ Discard. 
Electric drier. 

Grinder, Englebach type, to 60-mesh, 

Riffle No. 2. q 


Sample, about 50 ounces«——> Discard. 
Grinder, disk type. 
Hand sieve. 


Size .<_— ————____—_—— Oversize. 
Revolving mixer, Anaconda type. Bucking board, 
All pulp riffled into four sacks. Return to hand sieve. 


FLOW SHEET 28, 


Cars on trestle over bins. 

Unloaded into bins. 

Distributing car. 

Bin of 50-ton capacity, 100,000 pounds, 
Shaking tray. 

Crusher No. 1, 12 by 24 inches, to 3-inch, 
Conveyor belt. 

Elevator No, 1. 

Sampler No, 1, Brunton oscillating. 


Bainele, 20 per cent, 20,000 pounds.a——— Discard. 

Crusher No. 2, 5 by 15 inches (8 by 20 inch crusher in second unit), 
Shaking tray. 

Rolls No. 1, 15 by 40 inches, to }-inch. 

Sampler No. 2, Brunton oscillating. 


Sample, 20 per cent, 4,000 pounds.<——> Discard. 
Hopper. 

Shaking tray. 

Rolls No. 2, 14 by 27 inches, to f-inch. 

Sampler No, 3, Brunton oscillating.__ 


Sample, 20 per cent, 800 pounds.a———> Discard, 
Sample car on overhead track, 

Taken to cutting room, 

See flow sheet 29 for further treatment of sample. 
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FLOW SHEET 29, 


Sample dumped on steel floor. 
Brunton quarter shovel, 


Sample, about 30 pounds.<——->Discard. 
Steam drier, 

Grinder No. 1, Englebach type, to 20-mesh, 
Riffle No. 1. 


Sample, about 3 pounds,~——_5Discard, 
Grinder No. 2, disk type, to 40-mesh, 


Hand sieve, 100 to 120 mesh,————— 
| 


8iz0¢—$——_—________ oversize. 
Revolving mixer, Anaconda type. Bucking board.— 
All pulp riffled into four sacks, 


FLOW SHEET 30, 


Railroad cars over bin. 

Unloaded into bin. 

Fed direct to grizzly 

Crusher, 10 by 20 inches, to 24-inch. 

Belt conveyor. 

Elevator No. 1. 

Inclined spout. 

Small hopper. 

Sampler No. 1, Brunton oscillating. 

nee: 20 per cent, 20,000 ee ee Discard. 
Small hopper. 

Short shaking tray. 

Rolls No. 1, 16 by 36 inches, to 1-inch. 

Sampler No. 2, Brunton oscillating. : 


Sake ips 20 per cent, 4,000 pounds.e———__——__, Discard. 
Small hopper. 

Short shaking tray. 

Rolls No. 2, 14 by 30 inches, to 3-inch. 

Sampler No. 3, Brunton oscillating. 


cumple, 20 per cent, 800 ule 

Small hopper. Reserved, according to mining law 
Short shaking tray. of Montana, 

Rolls No. 3, 12 by 20 inches, to t-inch. 

Inclosed room. 

Sampler No. 4, Brunton oscillating, 


eps 20 per cent, 160 pounds,<———_—___—_, iscard. 
Bucket on overhead track. 


Locked cutting room. 
See flow sheet 31 for further treatment of sample, 
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FLOW SHEET 31. 


Sample dumped on steel floor. 
Coned. 
Brunton one-half or quarter shovel. 


Sample, about 8 pounds. —H_—_———_—_—__———_5 Discard. 
Electric drier. 

Grinder No. 1, Englebach type, to 60-mesh. 

Riffle No, 1. 


Sample, about 32 ounces.«————_—_—_——\ Discard. 
Grinder No, 2, disk type. 
Hand sieve, 100 to 200 mesh. 


Size. A —_“mi@@ xc cgscmov ersize. 


Rolling cloth. First residue to grinder No. 2, final residue to 
bucking boar 
All pulp riffled into four sacks. Returned to hand sieve. 


FLOW SHEET 32. 


Railroad cars beside uncovered bedding bins. 

Fractional shoveling in cars. 

Sample, 10 per cent, 20,000 pounds.———\-> Discard. 
Fractional shoveled in cars. 


| 
Sample, 334 or 50 per cent, 6,667 or 10,000 pounds.e——> Discard. 
Whecled to plate room or to other mills. 
See flow sheets 33, 34, 35, 36, 37. 


FLOW SHEET 33, 
Generally after fractional shoveling, 
Cars switched to side of mill, 10,000 pounds, 
Shoveled to grizzly. 
Crusher No, 1, 9 by 15 inches, to 14-inch, 
Elevator No, 1. 
Sampler No. 1, Brunton vibrating. 


Pals; 20 per cent, 2,000 pounds.——+Discard. 
Crusher No, 2, 4 by 10 inches, to j-inch, 
Sampler No. 2, Brunton vibrating. 


Sample, 20 per cent, 400 pounds,——=> Discard, 
Rolls, 12 by 20 inches, to {-inch, 

Wheeled to plate room, 

See flow sheet 36, 


FLOW SHEET #, 


Generally after fractional shoveling, 

Cars switched to side of mill, 10,000 pounds, 
Wheelbarrows. 

Crusher, 9 by 15 inches, to 14-inch, 
Elevator No, 1. 

Rolls No. 1, 16 by 36 inches, to Pinch. 
Elevator No, 2, 

Revolving screen, }-inch holes, 


Size.—— > Oversize. 

Roils No, 2, 14 by 27 inches, 
Topper. Returns to clevaior No, 2. 
Sampler No. 1, Brunton vibrating.___ 


Sample, 20 per cent, 2,000 pounds.a——->Discard, 
Sampler No, 2, Brunton vibrating.__ 


Sample, 20 per cent, 400 pounds.~———> Discard, 
Sample hopper in adjoining room. 

Wheeled to plate room, 

See flow sheet 36, 
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FLOW SHEET 35. 


For large lots of three or more carloads, 150,000 pounds. 
Railroad cars beside mill. 

Shoveled to pan conveyor. 

Grizzly of steel rails. 

Crusher, gyratory, No. 5, to 14-inch, 

Inclined conveyor belt, 

Hopper.__ 


Oxide ores.<—>Sulphide ores. ; 
Revolving screen, 2-mesh, about 4-inch. 


—— Size. Oversize. ‘ : 
Revolving screen, two sections, l-inch and 2-inch, 
§ by 1 inch slots. 
| 


Size. —————__—_—> Oversize. 


Rolls, 14 by 30 inches, 2-inch section. 
Returns to }-inch revolv- 
ing screen, Size.<—— Oversize. 


Rolls, 16 by Crusher. 
36 inches. Gyratory No. 4. 
Returns to Returns to 4-inch 
j-inch re- revolving screen. 
volving 
Hopper. screen. 
Sampler No. 1, Vezin. 


| 
Sample, 20 per cent, 30,000 pounds.~—>Discard. 
Shaking tray. 


Sampler No. 2, sa Vezin..—Sampler No. 5, Vezin. 


Sample, 20 per cent, 6,000 hirhdaid= aseandlecsdasaete 124 per cent. 

Shaking tray. Reserved per Montana mining 
Rolls, 12 by 12 inches, to 4-inch. law. 

Sampler No. 3, Vezin. 


Sample, 20 per cent, 1,200 pounds.——>Discard. 
Shaking tray. - 
Sampler No. 4, Vezin, 


Sample, 20 per cent, 240 pounds,.——— Discard. 
Locked sample hopper, 

Wheeled in hashavr to bucking room. 

Dried, if necessary. 

Coned and quartered. 


Sample, about 150 pounds.——\> Discard. 
50 pounds held for resample. 
See flow sheet 37 for further treatment of sample. 


FLOW SHEET 36. 


Plate room. 

Ore dumped in ring on steel-plate floor, 

Coned over wooden cross, 

Drawn into cake and quarters removed with cross in place, 
Process repeated until sample is reduced to about 150 pounds. 


Sample, about 150 pounds,———>Discard. 

Wheeled to roll room, Reserve sample taken in accordance with State 
mining law. 

See flow sheet 37 for further treatment of sample. 
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FLOW SHEET 37. 


Bucking room, about 150 pounds. Roll room, about 150 pounds. 
Dried, if necessary. 
Rolls, 12 by 20 inches, to 20-mesh. 
TM ee iliie 


Sample, about 10 pounds.—\ Discard. 
50 pounds reserved for resample. 
Dried. 


Grinder, Englebach type, to 50-mesh, check sample grabbed here. 
Riffle,.* = 


Sample, about 2} pounds.n——> Discard. 
Hand sieve, 100 or 120 mesh. 


Size. Oversize. 
Rolled on glazed paper. f Bucking board. 
Put in six sacks with spatula, excess discarded. Returned to hand sieve. 


FLOW SHEET 38. 


For large lots, 500,000 pounds or more. 
Grizzly. 

Crusher No. 1, 24 by 36 inches, to 54-inch, 
Inclined conveyor belt. 

Sampler No. 1, Vezin. 


| 
Sample, 10 per cent, 50,000 pounds.n——>Discard. 
Shaking tray. 
Crusher No. 2, 15 by 24 inches, to 2-inch. 
Angled spout, 
Saropler No: 2, Vezin. 


| 
Sample, 20 per cent, 10,000 pounds.en——>Discard. 
Inclined conveyor belt. 
Covered steel hopper. 
Long shaking tray. 
Rolls No. 1, 16 by 42 inches, between 1 and 1} inches. 
Chute. 
Inclined conveyor belt. 
Hopper. 
Sampler No. 3, Vezin. 


| 
Sample, 10 per cent, 1,000 pounds..~——> Discard. 
Long chute. 
Conveyor belt. 
Hopper. 
Shaking tray. 
Rolls No. 2, 12 by 20 inches, between 4 and j-inch, 
Chute. 
Inclined conveyor belt. 
Hopper. 
Sampler No. 4, Vezin. 


Sample, 20 per cent, 200 ae er 
Long chute. 

Conveyor belt. 

Rolls No. 3, 12 by 20 inches, set close, 

Tlopper. 

Compound riffles, on track. Omitted as desired. 


Sample, about 125 pounds.—-~ Discard. 
Put in canvas sacks. 

Taken to bucking room. 

See flow sheet 39 for further treatment of sample. 
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FLOW SHEET 39. 


Bucking room. 
Hand sieve, 8-mesh, product drops on floor. 


Size.<——> Oversize. 
Rolls, 10 by 20 inches. 
Product drops on floor. 


Shoveled over to mix.<————_ 
Flat riffle No. 1, placed over shallow pan. 


gample, about 8 pounds.~——> Discard. 
Small flat riffle, No. 2. 


Sample, about 2 pounds.a——>Discard. 
Steam drier. 

Grinder No. 1, disk type. 

Sieve, 100, 120, Te and 150 mesh. 


Size.<?YryY$YN Oversize. 


85 


Rolling cloth. First residue to grinder No. 1. 
Flat riffle No. 3, on shallow pan. Final residue to bucking board. 


Toas many sacks of pulpas desired, balance discarded. Returned to sieve. 


FLOW SHEET 40. 


Railroad cars at side of mill. 
Dumped or shoveled into hopper. 
Crusher, gyratory No. 5, to 2-inch. 
Elevator No. 1. 

Revolving screens, 2-inch holes. 


Size.e<——> Oversize. 

Rolls No. 1, to 1-inch. 
Elevator No. 2. 
Revolving screen, 1-inch holes, 


Size.<——> Oversize. 


Elevator No. 3. 
Sampler No. 1, Vezin. 


| 
Sample, 10 per cent, 10,000 pounds.~——~>Discard. 
Rolls, to 4-inch. 
Sampler No. 2, Vezin. 


Sample, 10 per cent, 1,000 sain Soin. 
Sample hopper. 

Coned and quartered. 

Sample, about 200 seuithed aol ead 
Taken to bucking room. 

See flow sheet 43 for further treatment of sample. 
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FLOW SHEET 41. 


Railroad cars on elevated track. 
Unloaded into hopper. 

Crusher No. 1, gyratory, to 2-inch, 
Elevator No. 1. 

pas No. 1, Vezin. 


| 
aps, 20 Per cent, 20,000 pounds,..—> Discard. 
on er No, 2, to l-inch, 

Sampler No. 2, Vezin. 


Sample, 20 per cent, 4,000 pounds. ol Fares. 
Rolls No. 1, to 4-inch, 

Elevator No, 2. 

Sampler No. 3, Vezin. 


| 
Sample, 20 per cent, 800 pounds..—_ > Discard, 
Rolls No, 2, to Linch. 
Sampler No. 4, Vezin 


| 
Sample, 20 per cent, 160 pounds.—~> Discard. 
To bucking room. 
See flow sheet 43 for further treatment of sample. 


FLOW SHEET 42. 


Railroad cars at side of mill. 
Wheelbarrows. 

Crusher No. 1, 10 by 18 inches, to 2- a aelt: 
Conveyor belt. 

Sampler No. 1, Vezin. 


Sample, 20 per cent, 20,000 pounds. Sarre 
Shaking tray. 

Crusher No. 2, to 1-inch. 

Conveyor belt, 

Sampler No, 2, Vezin. 


Sample, 20 per cent, 4,000 pounds. eee 
Shaking tray. . 

Rolls No. 1, to }-inch. 

Sampler N 0. 3, Vezin, 


Sample, 20 per cent, 800 Sapinlgae ca pihiear 
Shaking tray. 

Rolls No. 2, to t-inch, 

Sampler No. 4, Vezin. 


Sample, 20 per cent, 160 pounds. ae Peat Te a 
Small sample box. 

Taken to bucking room, 

See flow sheet 43 for further treatment of sample. 
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FLOW SHEET 43. 


Rolls, 12 by 20 inches, to }-inch, about 100 pounds. 
Rifle No. 1, Brunton type.___. 


Sample, about 12 pounds.«———_\ >Discard. 
Steam drier, short time. 

Grinder, Englebach type, to 16-mesh. 

Riffle No. 2, Brunton type.___ 


Sample, about 4 pounds.«——_———_-> Discard. 
Steam drier. 

Grinder, Englebach type, to 40-mesh. 

Riffle, Brunton type. 


Sample, about 15 ounces.—————_ > Discard. 
Hand sieve, 100, 120, or 150 mesh. Reserve. 


Size.—_—___———_——_—____5 Oversize. 
Mixed on whirling gold pans. Bucking board. 
All pulp sacked with spatula. Returned to hand sieve. 


FLOW SHEET 44. 


Principally for large lots, 200,000 pounds. 
Railroad cars over bins. 

Crusher, gyratory type, to 3-inch, 

Belt conveyor. 
Sampler No. 1, Vezin. 


Sample, 10 per cent, 20,000 pounds.e~—————> Discard. 
Storage bins, or a chute. 

Crusher No. 2, 14 by 24 inches, to 24 or 2 inch. 

Sampler No. 2, Vezin. 


Sample, 20 per cent, 4,000 pounds.~———-> Discard. 
Shaking tray. 

Rolls No. 1, 16 by 36 inches, to about 14-inch. 

Elevator No. 1. 

Sampler No. 3, Vezin. 


Sample, 10 per cent, 400 pounds.——H> Discard. 
Rolls No, 2, 12 by 24 inches, to } or 4 inch, 

Hoppers in adjoining room. 

Recrushed in necessary. 

Coned and quartered. 


Sample, about 100 pounds.——— _5Discard. 
To bucking room. 
See flow sheet 45 for further treatment of sample. 
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FLOW SHEET 45. 


Rolls, 12 by 20 inches, to $-inch, about 100 pounds. 
Riflle No. 1 , Brunton type. 


Sample, about 12 pounds. Discard. 
Steam drier. 

Grinder, Englebach type, to 16-mesh. 

Riffle No. 2, Brunton type. 


Sample, about 4 pounds.——H#H4+——> Discard. 
Steam drier. 

Grinder, Englebach type, to 40-mesh. 

Riffle, Brunton type. ay 


Sample, about 15 ounces.———____——> Discard. 
Hand sieve, 100 to 150 mesh. Reserve. 


Size. ——_—__———— Oversize. 
Mixed on whirling gold pans. Bucking board. 
All pulp sacked withaspatula. Returned to hand sieve. 


FLOW SHEET 46. 
Fractional shoveled in railroad cars.___ 


Sample, 10, 20, 334, or 50 per cent. > Discard. 

Left in railroad c: 

Car switched to ae of coning room. 

Loaded into tram cars. ) 

If sufficiently fine If coarse. 

Trammed to coning floor. Trammed to lift. 

Shoveled into cone or long pile. See flow sheet 47 for further treatment. 
Fractional shoveled. 


Sample, 50 per cent.——————__> Discard. 
Coned. 

Fractional shoveled. | 

Sample, 50 per cent.——_—————_> Discard. 
Coned on wooden cross. 

Quartered with cross in position.__ 


Sample, 50 per cent.—_——> Discard. 

Fractional shoveling, and coning and quartering, are repeated until the desired weight 
is obtained. This depends on grade of ore. During the last quartering the four 
quarters are treated as four separate samples. 

Taken to drier. 

See flow sheet 49 for further treatment of sample. 
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FLOW SHEET 47. 


Principally for ores from custom sampling works. 


Railroad cars beside mill. 

Fractional shoveled in car. 

Sample, 10 or 20 per cent.——_—H+_——\~ Discard. 
Trammed to lift. Trammed to bins. 
Elevated. 


Dumped on iron plate No. 1. 

Shoveled into crusher No. 1, 6 by 16 inches, to 1-inch. 
Inclined iron plate. 

Forms semicone on floor. 


Fractional shoveled. = 

Sample, 334 to 50 per cent.—_ +> Discard. 

Taken to lift. Trammed to bins. 
Elevated. 


Dumped on iron plate No. 2. 

Shoveled into crusher No. 2, to 4-inch. 

Falls into pile on floor. 

Fractional shoveled. : 

Sample, 50 per cent..——__—_—________> Discard. 
Taken to lift. Trammed to bins. 
Rolls No. 1, 8 by 18 inches, to }-inch. 

Falls into tramcar. 

Taken to adjoining room. 

Placed in can. 

Rolls No. 2, 8 by 12 inches, to 8-mesh, 

Into small car. 

Dumped on iron plate. 

Coned to mix. 

Rifle No. 1, Brunton type. 


Sample, 50 per cent.<——\__——_—————Sample, 50 per cent. 


Riffle No. 1, Brunton type. Rifle No. 1, Brunton type. 
Sample A, i [Pamvle B, 25 Sample ©, 25 | Sample D, 25 
per cent. per cent. per cent. per cent. 


A, B, C, and D, treated as separate samples. 
Put on drier. 
See flow sheet 49 for further treatment of sample. 


FLOW SHEET 48. 


For handling gold precipitates, high-grade slag refineries, and sweepings from assay 
offices, jeweler shops, and dental parlors, etc. 

If the pai contains much refuse, it is burned before being weighed. 

Ground in Chilean mill to pass through screens of varying mesh. Smelter and refinery 
products are ground to 10-mesh; custom material to 30-mesh; certain high-grade 
gold ores to 100-mesh. 

Coned, ringed, coned and quartered. 

Metallics weighed, melted into bar, and ‘‘shot” sampled. 

Final sample treated as shown in flow sheet 49. 
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FLOW SHEET 49. 


From drier. 
To quartering floor. 
Wooden-frame hand screen, 20 mesh. 


Size.—_—________—_—_.Oversize. 
Grinder, Englebach type. 
Returned to 20-mesh screen. 
Coned and quartered. 


Sample, to about 5 pounds.——_> Discard. 
Hand screen, 10-mesh. 


Size.——_——————— Oversize. 
Grinder, Englebach type. 
Returned to 10-mesh screen. 


Sample, about 20 ounces.—-H+——>Discard. 
Hand screen, aT to 150 mesh. 


ne Brunton type. 


Si Ze << 0versi 7e. 


Rolled on manila paper. Grinder, Englebach type. 
Drier. Returned to 100-mesh screen. 


To another room. 

Rerolled on prea ed 

Spread into thin cake. 

Put into required number of sacks with spatula. 
Balance of pulp sacked as reserve. 


FLOW SHEET 50. 


Railroad cars over ore hoppers, 100,000 pounds. 
Shaking grizzly. 

Crusher, 10 by 20 inches, to 23-inch. 

Shaking tray. 

Elevator. 

Sampler No. 1, Brunton oscillating. 


Sample, 20 per cent, 20,000 pounds..——>Discard. 
Shaking tray. 

Roll No. 1, 16 by 36 inches, to 1-inch. 

Sampler No. 2, Brunton oscillating.__ 


Sample, 20 per cent, 4,000 pounds.———>Discard. 
Shaking tray. : 

Rolls No. 2, 15 by 27 inches, to 23-inch. 

Sampler No. 3, Brunton oscillating. 


Sample, 20 per cent, 800 pounds.——_———> Discard. 
Shaking tray. 

Rolls No. 3, 8 by 20 inches, to }-inch. 

Sampler No. 4, Brunton oscillating.__ 


Sample, 20 per cent, 160 pounds.———> Discard. 
Shaking tray. 

Rolls No. 4, 8 by 12 inches, to 14-mesh. 

Sample buggy in locked bin. 

To cutting room. 

See flow sheet 51 for further treatment of sample, 
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FLOW SHEET 51. 


From sample buggy. 
Riffle No. 1, Brunton type. 


Sample, 10 to 12 pounds.— 5 Discard. 
Electric drier. 

Grinder, Englebach type, to 50-mesh. 

Riffle No. 2, Brunton type. | 

Sample, 20 to 24 ounces.———_—_—_—_—->Diiscard. 
Hand sieve, 120-mesh. 


Size.————— Oversize. 
Rolling cloth. Bucking board. 
Returned to 120-mesh sieve. 
Riffle No. 8, Brunton type. 
All pulp divided into four samples. 
All pulp sacked in four sacks. : 


FLOW SHEET 52. 


Ore received in storage bins. 

Loaded by chutes into tramears, 100,000 pounds. 
Crusher, 8 by 12 inches, to 14-inch. 

Elevator No. 1. 

Rolls No. 1, 16 by 36 inches, to 1-inch. 

Elevator No. 2. 

Revolving screen, 1-inch holes. 


Size.< »Oversize. 
Bottomless hopper. Returns to rolls No. 1. 
Sampler, whistle-pipe type, 5 one-half sections. 


Sample, one thirty-second, 3,125 pounds..——> Discard. 
Rolls No. 2, 8 by 12 inches, to 4-inch, 

Wheelbarrow. 

To quartering room. 

Coned and quartered. 

Sample, 30 to 40 isi a to ye 
See flow sheet 53 for further treatment of sample. 


FLOW SHEET 53. 


From coning and quartering sample. 
Ritlle, flat type. 


Sample, 4 to 6 pounds.—+————-> Discard. 
Steam drier. 

Grinder, Englebach type, 30 to 40 mesh. 

Hand sieve, 150-mesh, 


Size. > Oversize. 


Rolled on paper. Bucking board, 
Sacked with spatula. Returned to sieve, 
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FLOW SHEET 54. 


Railroad cars over bins. 

Crusher, gyratory type, to 2-inch. 
Elevator No. 1, 100,000 pounds, 
Sampler No. 1, Chas. Snyder.___ 


Sample, 20 per cent, 20,000 peitadak staat 
Rolls No. 1, 16 by 36 inches, to 1-inch. 

Elevator No. 2. 

Sampler No. 2, Chas, Snyder. 


Sample, 20 per cent, 4,000 pounds.———_> Discard. 
Rolls No. 3, 14 by 30 inches, to 3-inch. 

Elevator No. 3. 

Sampler No, 3, Chas, Snyder. 


Sample, 20 per cent, 800 pounds.—————> Discard. 
Rolls No. 4, 12 by 20 inches, to 6-mesh. 
Sampler No. 4, Chas. Snyder. 


Sample, 20 per cent, 160 pounds.—————> Discard. 
Sample car. 

To cutting room. 

See flow sheet 55 for further treatment of sample. 


FLOW SHEET 55. 


From sample car. 
Rolls No. 1, 7 by 14 ine hes, to 8-mesh. 
Riflle No. 1. 


Sample, 50 to 150 pounds.——> Discard. 
Rerolled in rolls No. 1, to 16-mesh. 

To grinding room. 

Riffle No, 2 


Sample, 12 to 15 pounds.——_H> Discard. 
Electric drier. 

Grinder No. 1, Englebach type, to 50-mesh. 

Rolling cloth, 

Riflle No. 3. 


Sample, 20 to 25 ounces.——————> Discard, 
Hand sieve, 120-mesh, 


Size.<—— Oversize. 
Grinder No. 2, disk type. 
Tland sieve, 1: 20-mesh, 


—— Size. Oversize. 
Bucking board. 
Returned to hand sieve. 
Rubber rolling cloth. 
Riflle No. 4. 
All pulp put into four sacks, 
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PUBLICATIONS ON MINE ACCIDENTS AND METHODS OF 
METAL MINING. 


Limited editions of the following Bureau of Mines publications are 
temporarily available for free distribution. Requests for all publica- 
tions can not be granted, and applicants should select only those 
publications that are of especial interest to them. AU requests for 
publications should be addressed to the Director, Bureau of Mines, 
Washington, D. C. 


Bu.vetin 48. The selection of explosives used in engineering and mining opera- 
tions, by Clarence Halland 8. P. Howell. 1913. 50 pp., 3 pls., 7 figs. 

Bu.ietin 53. Mining and treatment of feldspar and kaolin in the southern Appa- 
lachian region, by A. 8S. Watts. 1913. 170 pp., 16 pls., 12 figs. 

BuLietin 62. National mine rescue and first-aid conference, Pittsburgh, Pa., 
September 23-26, 1912, by H. M. Wilson. 1913. 74 pp. 

Bu.wetin 75. Rules and regulations for metal mines, by W. R. Ingalls, James 
Douglas, J. R. Finlay, J. Parke Channing, and John HaysHammond. 1915. 296 pp., 
1 fig. 

Buietin 80. A primer on explosives for metal miners and quarrymen, by C. E. 
Munroe and Clarence Hall. 1915. 125 pp., 15 pls., 17 figs. 

Butetin 101. Abstract of current decisions on mines and mining, October, 1914, 
to April, 1915, by J. W. Thompson. 1915. 138 pp. 

Bu.tetin 113. Abstracts of current decisions on mines and mining, reported from 
May to September, 1915, by J. W. Thompson, 1916. 124 pp. 

TecHNIcAL Paper 4. The electrical section of the Bureau of Mines, its purpose and 
equipment, by H. H. Clark. 1911. 12 pp. 

TecunicaL Paper 6. The rate of burning of fuse as influenced by temperature and 
pressure, by W. O. Snelling and W. C. Cope. 1912. 28 pp. 

TrecunicaL Paper 7. Investigations of fuse and miners’ squibs, by Clarence Hall 
and S. P. Howell. 1912. 19 pp. 

TECHNICAL Parer 11. The use of mice and birds for detecting carbon monoxide 
after mine fires and explosions, by G. A. Burrell. 1912. 15 pp. 

TecHNIcAL Parer 13, Gas analysis as an aid in fighting mine fires, by G. A. Burrell 
and F. M. Seibert. 1912. 16 pp., 1 fig. 

TrecHNICAL Paper 15. An electrolytic method of preventing corrosion of iron and 
steel, by J. K. Clement and L. V. Walker. 1913. 19 pp., 10 figs. 

TrcHNIcaL Paper 17. The effect of stemming on the efliciency of explosives, by 
W. O. Snelling and Clarence Hall. 1912, 20 pp., 11 figs. 

TrecunicaL Paper 18. Magazines and thaw houses for explosives, by Clarence Hall 
and §. P. Howell. 1912. 34 pp., 1 pl., 5 figs. 

TecHNIcaL Parer 19. The factor of safety in mine electrical installations, by I. H. 
Clark. 1912. 14 pp. 

TecHNIcaL Paper 22. Electrical symbols for mine maps, by IH. Hf. Clark. 1912. 
11 pp., 8 figs. 

TecHNIcaL Parer 9. Training with mine rescue breathing apparatus, by J. W. 


Paul. 1912. 16 pp. 
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TrecHNICAL Paper 30. Mine accident prevention at Lake Superior iron mines, by 
D. E. Woodbridge. 1913. 38 pp., 9 figs. 

TecunicaL Paper 40. Metal-mine accidents in the United States during the cal- 
endar year 1911, compiled by A. H. Fay. 1913. 54 pp. 

TrecHNICAL Parer 41. Mining and treatment of lead and zine ores in the Joplin 
district, Missouri; a preliminary report, by C. A. Wright. 1913. 43 pp., 5 figs. 

TrecHNICAL Parer 46. Quarry accidents in the United States during the calendar 
year 1911, compiled by A. Hl. Fay. 1913. 32 pp. 

TecHNicaL Paper 47. Portable electric mine lamps, by H. H. Clark. 1913. 
13 pp. 

TecHNICAL Paper 58. The action of acid mine water on the insulation of electric 
conductors; a preliminary report, by If. If. Clark and L. C. Ilsley. 1913. 26 pp., 
1 fig. 

TecunicaL Paper 59. Fires in Lake Superior iron mines, by Edwin Higgins. 
1913. 34 pp., 2 pls. 

TrcunicaL Paver 61. Metal-mine accidents in the United States during the cal- 
endar year 1912, compiled by A. H. Fay. 1913. 76 pp., 1 fig. 

Trcunica Parer 62. Relative effects of carbon monoxide on small animals, by 
G. A. Burrell, IF’. M. Seibert, and I. W. Robertson, 1914. 23 pp. 

TecunicaL Parer 67. Mine signboards, by Edwin Higgins and Edward Steidle. 
1913. 15 pp., 1 pl., 4 figs. 

TecHnicaL Parer 77. Report of the Committee on Resuscitation from Mine Gases, 
by W. B. Cannon, G. W. Crile, Joseph Erlanger, Yandell Menderson, and 8. J. Meltzer. 
1914. 36 pp., 4 figs. 

TecunicaL Paper 92. Quarry accidents in the United States during the calendar 
year 1913, compiled by A. If. Fay. 1914. 76 pp. - 

TecHNicaL Paper 94, Metal-mine accidents in the United States during the cal- 
endar year 1913, compiled by A. H. Fay. 1914. 73 pp. ; 

TecunicaL Paper 105. Pulmonary disease among miners in the Joplin district, 
Missouri, and its relation to rock dust in the mines; a preliminary report, by A. J. 
Lanza and Edwin Higgins. 1915. 48 pp., 5 pls., 4 figs. 

TecunicaL Paper 116. Miners’ wash and change houses, by J. Il, White. 1915. 
27 pp., 3 pls., 3 figs. 

TECHNICAL Paper 129, Metal-mine accidents in the United States during the cal- 
endar year 1914, compiled by A. I. Fay. 1916. 96 pp., 3 pls., 1 fig. 

Miners’ Circutar 5, Electrical accidents in mines, their causes and prevention, 
by H. I. Clark, W. D. Roberts, L. C. Usley, and UH. F. Randolph. 1911. 10 pp., 
3 pls. 

Miners’ Crrcuzar 8. First-aid instructions for miners, by M. W. Glasgow, W. A. 
Raudenbush, and C. O, Roberts. 1913. 67 pp., 51 figs. 

Miners’ Circutar 10. Mine tires and how to fight them, by J. W. Paul. 1912. 
14 pp. ; 

Mrvers’ Circutar 13, Safety in tunneling, by D. W. Brunton and J. A. Davis. 
1913. 19 pp. 

Miners’ Circutar 15, Rules for mine rescue and first-aid field contests, by J. W. 
Paul. 1913. 12 pp. 

Miners’ Crrcutar 17, Accidents from falls of rock or ore, by Edwin Higgins. 
1914. 15 pp., 8 figs. 

Miners’ Crrcutar 20, How a miner can avoid some dangerous diseases, by A. J. 
Lanza and J. I. White. 1916. 26 pp., 4 figs. 


Google 


A. Page. 


Assays, seller’s and buyer’s, comparison of.. 62,63 
differences in.............2-...--. 63, 65, 66 
“Automatic” systems of sampling, principle 
Olise ries ses cx grasmoodsigasacarases 8 
B. 

Bank riffle, advantages of...........---.- tase 32 
Gescription Of, 2<cs cc 2c2secn2caccsGossse85 31,32 
errors:caused DY... .<.050c022seseseesesc00 33 
lines of flow in................2-...22000- 31,32 

figure showing............---.----0-- 32 
Objectionsitoca: 335<3.0cs ss. c0sseaasetese 32, 33 


Barrel mixer, See Mixer. 
“Bench” system of sampling, description of. 20, 21 
Brinton, Dy W., chltOd sss o52 2.20 503s0ccs0ee08 67 


Brunton rifle, description of. 


USS OF oe concen ages ceasccsayes 
Brunton shovel, description of, : M7 
figure showing..........- $e 47 
use of... SO-S2 
Brunton vibrating sampler, advantages of 40 
description of... - 442 
disadvantage of. 40 
error in.. 42 
figures showing. .. as AL 
incorrectly constructed, fi; gure showing. 42 
Operstion.Of. cic cssssches 5738 aaeee ese 41 
use of.... Raasns as GS-82 
Brushes, use in sereening....... as ol 
Bureau of Mines, investigations of. . 
Buyer, assays of,........2..2...-..- 
need of precautions by, in samplin 
Cc. 
Chas. Snyder sampler, description of......... 40 
plan of, figure showing................... 40 
USEGl ee. Cosszaszshessaac=ssatatiateesnet 92 


Chute, running ore from, effect of, 
showing 
inaccuracy caused by...... 
“Cobb” system of sampling, dese ription of... 20, 21 
Combination riMe. Sce Bank rifle. 


figure 


objections to. af 
234) I es Pl 


Page, 

Coning and quartering, advantages of. ....... 17 
description Of2:..5.662655<s2cses5 16-23 
disadvantages of ............ 17 
INACCUPACICS I oe nesses es ck sieeceedecse 19, 20 

use of... 6%, 69, 73, 74, 75, 76, 77, 83, 85, 87, 88, 89-91 


Cross, for sampling, advantage of. . 
de: seription of 
USO DF 2 .222552c50c8i508 

Crusher, gyratory type, use of. 2.22. 3, 85, 86, 87, 92 

Crushing of ores, relation to size ofsample... 57 
WIOM oc asst rescatlcs ness eam cs, 7, 68-87, 90-92 

Custom sampling plants, sampling method 

OMG Yc occu ceoncucs cacaesocs goons 29 


Driers. See Electrie driers; Steam driers. 
Drying ofsample, insuflicient, error from... - 48 
method for 


Electric drier, description of..........-...0-- 48 
USO: Of 535362 Gaeceestaas one weceeeee 71,80, 82, 91 

69, 
74, 76-82, 84, 87, 88, 91, 92 

Evaporation of sample, correction for........ 56 


F. 


Tlow sheets, sampling-mill, details of........ 67- 
Purpose ols n~.. e555 3323 59558525 12 
Fractional shoveling, discussion of 
factors Mss osccewsas sasxees 
inaccuracies in 
objection to.. 
possible ad vantage ots 
segregation caused by, figure 
uso of 


Gold ores, size of sieve for screening.......... 50 
Grab sampling, description of..............-- 15,16 
Felative moritsiOf. 025 s524 soccs dedasendase 16 
Grinders, cleaning of 60 
GiSky WseOlsegses fasecsesessnesk 70- 2. 80, 82.85 
Englebach, use of... 69, 74, 76-82, 84, 87, 88, 91, 92 
LINES OF cite cs news Sotnts des py uwieen uy 49 
Grinding of sample, factors affecting. ........ 49, 50 
precautions in....... ce eaaerbeke §eharida 49 
I. 
Hand methods of sampling.................- 15-28 


Sce also Coning and quartering; Grab sam- 
pling; Vipe sampling. 


I. 
Tron in ore, removal of.....-.......-.....---- 51 
J. 
Jones riffle, description of.................... 46 
95 
f inal from 
PRINCETON UNI\ T 


96 INDEX. 
E M. Page. Q. Page. 
Mechanical samplers, synchronism in, dis- Quartering. See Coning and quartering. 
cussion of, : R. 
creation of Sad he Sete OE 45 Riffles, correctly constructed, need of........ 46, 47 
sedate santpling ddvantades ot mags: ie 28, 29 Sce also Bank riffle; Brunton riffle; Jones 
s , . F ; 
devices for, operation of........- - 30 Tiflls. s. 
eee ian Ri i thats Sa al . < “Salting” of ore sample, methods of......... 61 
3 a ile at Age PEE hn he 8 precautions against....................02 61 
Liat oy ata eke PPA OD Sampling devices. Sce devices named. 
See ree ae devices; Stationary Sampling plants, cleaning of....... 59 
Metallics in ore, treatment of......-...2.---+ 51,52 Pig hese ny ce cage ii sine 
A . teas |) |} OME ENC Gr Zancnsnssy bacbaxeugeneaiaaeeas , 
aa is methods, inaccurate, difficulty u separate, advantages of............ sedeee 
Mi b a eve ft ie te did ahah ths 45, 68 Sce also Custom sampling plants. 
9 scent ? bir tam ae : 68 Sampling systems. Sce “Bench” system of 
Sce also Anaconda type of mixer. ste: Jedi tk tha? 
Moisture in ore, determination of............ 53, 54 Mect ‘ (ea) Samiti pam 
difficulties in.............22000. 5A Sopucre tank 
Prete a ae ee 4 Screen, revolving, use of............ 75, 82, 83, 85,91 
cei ve Ne ar bee ee 55 Screening of sample 5s 50 
i zeae ee pki ates 55, 56 Gisadvantaged Of... s.c5ecscccseeaseeaesss 58 
Moisture sample, drying of..--..-<-.-+--=2+- 8 | Seller, advantage taken by, in sampling..... 27,28 
weighing of, errors in.........-...-....- 55 assays of. (3-65 
Montana, size of ore sample in.............-. 10 Shaking trays, use of.........-........ 46, 


Moving devices for sampling, advantages of. . 34 
description of. 
Sce also Brunton oscillating sampler; 

Brunton vibrating sampler; Chas. 
Snyder sampler; Snyder sampling 
machine; Vezin sampler. 


Multisamples, differences in.......-.....--.- 10,11 
Multisampling, discussion of... . 
ODJOCtIONS COs. 5s. seseieescdessedeckends 10 
oO. 
Ore, constituents of, distribution in sample.. 7,8 
crushing of, effect on segregation......... 7 
segregation of, effect on sampling. 


in sample..........-.. 
weighing of............... - 
factorsiMse-c ssSacahsdeeeesets fisesks 
improvements in...-................ 
precautions in............ 
Ore sample, size of.............--. 
reduction Of 5 323. cecdsses 
relation to crushing 
Ore sampling, conditions affecting......... 7-11, 13 
GGATICION Of saceccis snes sccnacscsieedsces re 
factors in... 6 
improvements in, need of 5,6 
investigation of, scope of...............2. 12 
methods of, value of, comparing..... 12 
purpose of 7 
uniformity in, lack of............. - 5,8,9 
‘Variations Ih. dncnvesese costs sacaeiweove’ 12,13 
P. 


“Part-lot sampling,’ disadvantages of... 
OTTONS TOM os cece ees essccss ade abo. b0 : 
Pipe sampling, description of................ 
Pulp, containers for....... Lege caece ses phase 
dividing of. methods of * 
gold particles from, views of. ............ 
mixing of, apparatus for 
mothods of. . .5...-52niscsccesesseace 


68, 69, 71, 72, 78-81, 83, 84, 86, 87, 90 
Shovels for sampling. Sce Brunton shovel. 


Sieves, for screening, sizes of................. 50 

hand, cleaning of 
9G Of laced ip tase gasecieasten iy sue 
75, 76, 79, 80, 81, 82, 84, 85, 87, 91 

Silver ores, size of sieve for screening........ 50 

Snyder sampler, details of. 
figures showing...........-..-..2.e2ee00 
improper construction of, danger from... 34,35 
USO. OF ores c2F ocak asenagas Bohesasene ae Se 77 

Stationary devices for sampling, description 

Olen te serspssiccaedrucsasarenseases 30-33 
Sce also Bank rifle; Whistle pipe. 

Steam driers, description of.......... Jczeases 48 
temperature of, ; Joc ssi seus ese ckddecséas 48 
USOOR s2cus.cn0rs 69, 70, 72, 74-79, 81, 85, 87, 88, 91 

Steel in ore, removal of. ...........--...---0- 51 

Sulphide ores, drying of, difficulty in........ 48,49 

Vs 

Vezin sampler, advantages of.......... weeee- 35,36 

construction of, errors in............-...- 36, 37 

precautions in...... 36 
description of........... .. 35-39 
disadvantages of........ 36 
figures showing...-..... eece 36,39 
incorrectly constructed, view of.......... 38 
WSO Offs ocss.sccecesaee tiaseesecie 68-76, 83-87 

Vezin sampler spout, description of.......... 37 
FLUTE SHOWING: = 525, aec55<ieca ce bucntedes 37 
incorrectly designed, effect on ore sam- 

pling sy. 2.4 eccesee 37,38 
figures showing........... a ccuacsanee 38,39 
Ww. 

Washers, use in screening. . bl 

Whistle pipe sampler, advantages of... 30 
description of.........ceesseccee 30 
disadvantage of............. .. 30,31 
elevation of, figure showing. 31 
MUSGO! Bs st Spegccgssyza2 POI 91 


